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LETTERS  OF  TRANSMITTAL 


May  20,  1976. 
Members  of  the  Committee  on  Interior  and  Insular  Affairs, 
U.S.  House  of  Representatives, 
Washington,  D.C. 

Dear  Colleagues  :  In  recent  months  this  committee's  Subcommit- 
tee on  Energy  and  the  Environment  has  been  concerned  with  the 
Nation's  breeder  reactor  development  program.  At  several  of  the  sub- 
committee's hearings,  testimony  was  received  concerning  the  potential 
benefits  and  costs  of  the  so-called  breeder  reactor. 

Breeder  reactors  can  utilize  the  bulk  of  uranium  which  occurs  in 
nature  in  contrast  to  the  relatively  small  fraction  which  can  be  used 
in  fueling  existing  nuclear-generating  stations.  The  Nation's  reserves 
of  nuclear  fuel  can  be  expanded  nearly  50  times,  according  to  the  study, 
if  breeder  reactors  can  be  demonstrated  to  be  safe  and  economical. 

Owing  to  the  significance  of  this  issue,  I  am  forwarding  to  you  the 
enclosed  report,  based  in  part  on  the  subcommittee's  hearings.  This 
report,  "Issues  Bearing  on  the  Need  for  and  the  Timing  of  the  U.S. 
Liquid  Metal  Fast  Breeder  Reactor,"  was  prepared  by  Frank  von 
Hippel,  a  consultant  to  the  subcommittee. 
Sincerely, 

James  A.  Haley, 

Chairman, 

Mat  13,  1976. 
Hon.  James  A.  Haley, 

Chairman,  Committee  on  Interior  and  Insular  Affairs,  U.S.  House  of 
Representatives,  Washington,  D.C. 

Dear  Mr.  Chairman:  Transmitted  herewith  is  a  study  entitled 
"Issues  Bearing  on  the  Need  for  and  the  Timimr  of  the  U.S.  Liquid 
Metal  Fast  Breeder  Reactor."  prepared  by  Br.  Frank  von  Hippel,  a 
special  consultant  to  the  Subcommittee  on  Energy  and  the  Environ- 
ment. 

Dr.  von  Hippel's  analysis  provides  information  vital  to  an  under- 
standing of  the  Nation's  breeder  reactor  development  program.  The 
study  suggests  that  we  are  making  a  commitment  to  the  liquid  metal 
fast  breeder  reactor  technology  prior  to  the  need  for  such  a  commit- 
ment and  prior  to  our  having  information  which  will  better  tell  us 
the  Precise  direction  in  which  we  should  proceed. 

The  analvsis  concludes  that  there  are  programs  which  would  better 
serve  the  Nation's  interest  than  the  one  on  which  we  are  now  em- 
barked. In  particular,  the  studv  indicates  that  insufficient  effort  is 
beimr  accorded  uranium-conserving  technologies  which  are  more  de- 
veloped than  the  LMFBR  technology.  Exploitation  of  these  technol- 
ogies would  stretch  our  available  uranium  reserves  while  research 


IV 

moves  ahead  on  several  fronts,  thereby  allowing  a  more  deliberate 
consideration  of  the  alternatives. 

I  believe  this  study  demonstrates  that  the  breeder  reactor  program 
must  receive  continuing  scrutiny  by  this  and  other  committees  of 
Congress  in  order  to  insure  that  future  decisions  concerning  breeder 
reactors  are  based  on  more  comprehensive  analysis  of  the  alternatives 
than  were  the  decisions  leading  to  our  present  situation. 
Sincerely, 

Morris  K.  Udall, 

Chairman, 
Subcommittee  on  Energy  and  the  Environment. 
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ISSUES  BEARING  ON  THE  NEED  FOR  AND  THE  TIMING  OF  THE  U.S. 
LIQUID  METAL  FAST  BREEDER  REACTOR 

Overview 

Current  U.S.  light  water  cooled  reactors  (LWR's)  can  release  only 
about  1  percent  of  the  energy  stored  in  uranium.  At  this  level  of 
utilization,  known  U.S.  reserves  of  high-grade  uranium  ore  represent 
an  energy  resource  no  greater  than  U.S.  reserves  of  oil  or  natural  gas 
and  are  only  a  few  percent  as  large  as  U.S.  coal  resources. 

Despite  this  limited  resource  base,  the  Atomic  Energy  Commission 
and  its  successor  agency,  the  Energy  Research  and  Development 
Administration  have  projected  for  the  year  2000  a  nuclear-electric 
industry  two  to  four  times  larger  (in  terms  of  power  produced)  than 
the  total  U.S.  electrical  utility  industry  in  1975. 

If  this  power  were  produced  by  LWR's,  currently  estimated  U.S. 
resources  of  high-grade  uranium  ore  would  be  exhausted  in  a  matter 
of  decades.  The  AEC  and  ERDA  have  therefore  made  their  number 
one  energy  R.  &  D.  priority  the  development  of  a  "breeder"  reactor 
which  would  almost  fully  exploit  the  energy  content  of  uranium. 
Virtually  all  the  attention — both  in  the  United  States  and  abroad — 
has  been  focused  on  one  breeder  concept,  the  liquid  metal-cooled  fast 
breeder  reactor  (LMFBR). 

Both  the  need  for  and  desirability  of  the  breeder  are  currently  under 
hot  debate  : 

With  regard  to  the  need,  the  proponents  argue  that  uranium 
(as  exploited  by  the  LMFBR)  and  coal  are  the  only  two  energy 
sources  which  can  supply  significantly  increased  amounts  of 
energy  for  the  U.S.  economy  by  the  year  2000.  They  believe  that 
both  of  these  resources  must  be  exploited  vigorously  to  compen- 
sate for  dwindling  U.S.  production  of  oil  and  natural  gas  and  to 
accommodate  anticipated  growth  in  energy  consumption.  The 
opponents  respond  that  increased  efficiency  in  the  use  of  energy 
can  make  a  massive  buildup  of  nuclear  power  unnecessary  in  the 
short  term  and  that  solar  energy  would  be  a  benign  alternative 
to  the  LMFBR  in  the  longer  term. 

With  regard  to  the  desirability,  the  opponents  emphasize  the 
fact  that  the  LMFBR  would  commit  the  United  States  (and  the 
world)  to  a^'plutonium  economy."  They  fear  that  the  large-scale 
processing  of  plutonium  which  would  be  associated  with  the 
.  LMFBR  technology  would  result  in  unacceptable  levels  of  con- 
tamination of  the  environment  by  this  manmade  element,  in  thefts 
of  plutonium  by  terrorist  groups  intent  on  making  "homemade" 
nuclear  bombs,  and  to  a  more  rapid  spread  of  nuclear  weapons 
capability  to  currently  nonnuclear  nations.  The  proponents  believe 
that  the  problems  of  keeping  plutonium  out  of  the  environment 
and  out  of  the  hands  of  terrorists  are  manageable  and  that  the 

(1) 


introduction  of  LMFBR  technology  would  not  significantly 
exacerbate  the  proliferation  problem. 
To  some  extent  the  debate  over  the  breeder  has  merged  with  the 
larger  debate  over  the  need  and  desirability  of  fission  power  generally. 
To  the  extent  that  a  vigorous  breeder  development  program  is  symbolic 
of  a  long-term  national  commitment  to  fission  energy,  this  connection 
may  be  legitimate.  In  the  shorter  term,  however,  the  connection  is  not 
so  close:  There  may  be  reasons  for  delaying  a  final  decision  on  the 
breeder  even  if  the  hazards  associated  with  current  commercial  nuclear 
reactors  are  found  to  be  acceptable. 

The  principal  focus  of  concern  specific  to  the  LMFBR  stems  from 
the  fact  that  plutonium  recycle  is  essential  for  the  breeder  whereas  it 
is  a  relatively  marginal  proposition  for  LWR's. 

The  "plutonium  economy"  is  so  tightly  connected  with  the  breeder 
technology  because  the  LMFBR  exploits  the  99  percent  of  uranium 
which  current  reactors  do  not  by  transmuting  ("breeding")  it  into  the 
chain  reacting  element  plutonium,  most  of  which  must  be  recycled  be- 
fore it  is  consumed.  LYVR's  produce  some  plutonium  but  not  enough 
that  recycling  it  will  result  in  large  increases  in  the  efficiency  of 
uranium  utilization. 

Much  of  the  uncertainty  associated  with  the  debate  over  the 
LMFBR  stems  from  the  fact  that,  in  the  past,  while  much  attention 
was  being  devoted  to  solving  the  difficult  technical  problems  of 
design,  too  little  attention  was  being  devoted  to  the  "soft"  questions 
which  require  an  assessment  of  the  performance  of  human  beings  and 
their  institutions: 

Will  the  introduction  of  a  U.S.  civilian  nuclear  industry  based 
on  a  ''plutonium  economy"  significantly  speed  the  spread  of  nu- 
clear weapons  to  more  countries  1 

Would  a  U.S.  plutonium  industry  be  well  enough  guarded  to 
prevent  nongovernmental  groups  from  stealing  plutonium  and 
manufacturing  their  own  nuclear  weapons  for  purposes  of  black- 
mail oi-  terrorism  ? 

Would  a  U.S.  plutonium  industry  be  well  enough  managed  and 
regulated  to  keep  the  "leakage"  of  plutonium  and  other  long-lived 
radioactive   materials  into  the  environment  down   to  tolerable 
level? 
As  a  result  of  the  current  debate,  these  questions  are  now  receiving 
serious  attention  but,  at  the  best,  it  will  be  some  time,  probably  years, 
before  there  will  be  anything  approaching  a  consensus  concerning  the 
answers — either  in  the  technical  or  in  the  larger  political  community. 
In  the  meantime  it  would  appear  to  be  wise  to  postpone  for  a  num- 
ber of  years  final  decisions  about  implementing  the  plutonium  economy 

commercially — with  either  cm-rent  LWK's  or  with  breeders. 

Revised  estimates  of  future  U.S.  energy  demand  make  this  judg- 
ment easier.  Vast  projections  implicitly  assumed  that  the  real  price 
of  energy   would  continue  to  decline  as  it   did  during  the  1950's  and 

1960's.  In  fa<t.  however,  the  dramatic  increases  of  the  pasi  Pew  years 

of  both  the  price  of  powerplantS  and  fuel  have  already  increased  (lie 
real  price  of  energy  well  above  the  1950  price  levels  and  there  if  now 

every  expectation  that  the  real  price  increases  will  continue -although 

at  a  lower  rate      for  the  indefinite  future. 


With  these  price  rises  it  seems  reasonable  to  expect  growth  rates 
in  the  demand  for  energy  to  decrease  substantially  as  energy  becomes 
more  expensive  and  increased  efficiency  in  the  use  of  energy  becomes 
worth  investing  in.  Past  official  projections  for  the  future  growth  of 
nuclear  energy  are  therefore  beginning  to  look  increasingly  question- 
able. 

The  most  recent  of  the  ERDA  projections  (spring  1975)  had  nu- 
clear energy  generating  electric  power  at  an  average  rate  of  440  mil- 
lion to  880  million  kilowatts  by  the  year  2000 — which  is  to  be  compared 
with  the  approximately  200  million  kilowatts  generated  by  the  entire 
electrical  utility  industry  in  1975.  To  obtain  this  enormous  growth 
rate.  ERDA  made  the  following  assumptions:  (a)  Total  U.S.  energy 
consumption  would  increase  by  between  80  to  160  percent  by  the  year 
2000,  (b)  The  fraction  of  U.S.  fuel  devoted  to  the  production  of  elec- 
trical energy  would  approximately  double  (from  about  25  percent  to 
over  50  percent),  and  (c)  Nuclear-electric  powerplants  would  gen- 
erate between  55  and  76  percent  of  all  electric  power  consumed  in  2000 
(up  from  approximately  10  percent  in  1975). 

Are  these  projections  realistic?  There  appears  to  be  an  increasing 
consensus  both  inside  and  outside  ERDA  that  they  are  not.  Even  if  the 
utilities  were  able  to  obtain  the  necessary  trillion  or  so  dollars  of  capi- 
tal, the  nuclear  industry  were  able  to  bring  the  plants  into  operation  at 
the  necessary  rate  of  150  plants  a  year  by  the  year  2000,  and  it  was 
possible  to  obtain  acceptable  sites  for  all  of  these  powerplants,  there 
would  still  be  the  question  as  to  who  would  buy  all  that  power  at  the 
new  high  prices.  Even  if  the  electrical  share  of  the  energy  market 
continues  to  expand,  the  slowed  growth  rate  of  total  energy  consump- 
tion will  result  in  a  slower  growth  for  electrical  energy.  This  will  in 
turn  bring  about  a  decreased  rate  of  construction  of  new  nuclear-elec- 
tric capacity — a  trend  which  is  already  well  begun.  It  seems  likely  that 
even  the  low  end  of  ERDA's  range  of  estimated  year  2000  nuclear 
capacity  will  turn  out  to  be  high — and  in  fact,  an  informal  inquiry 
at  ERDA  revealed  that  the  projection  which  the  agency  described  as 
"moderate/low"  a  year  ago  is  now  labeled  "high." 

Lower  growth  rates  of  electrical  consumption  would  save  the  United 
States  from  any  imminent  danger  of  running  out  of  high-grade  ura- 
nium ore.  Currently  ERDA  estimates  U.S.  reserves  and  probable  re- 
sources of  uranium  at  about  l\/2  million  tons — enough  to  fuel  approxi- 
matelv  360  million  kilowatts  of  nuclear  power  for  30  years  (the  esti- 
mated lifetime  of  a  nuclear  plant) .  This  corresponds  at  a  65  percent 
average  capacity  factor  for  a  nuclear  generating  capacity  of  550  mil- 
lion kilowatts.  It  seems  highly  unlikelv  now  that  U.S.  nuclear  capacity 
will  exceed  this  value  by  the  year  2000.  By  that  time  it  is  likelv  also 
that  additional  uranium  resources  will  have  been  identified  and  that 
the  .nuclear  fuel  cycle  can  have  been  made  as  much  as  twice  as  efficient 
as  today  in  its  use  of  uranium  without  plutonium  recycle.  There  seems 
therefore  to  be  no  reason  to  rush  tWdecision  to  go  ahead  with  the 
LMFBR— or  with  any  other  version  of  the  plutonium  economv. 

From  this  perspective  it  appears  that  the  almost  exclusive  emphasis 
on  the  LMFBR  in  the  Nation's  R.  &  D.  program  over  the  past  decade 
has  been  unfortunate.  It  has  given  us  an  energy  option  which  may  or 


71-686— < 


4 

mav  not  be  exploited  some  decades  hence,  but  it  has  left  us  with  too 
few  options  to  be  exploited  during  the  next  decades. 

In  view  of  the  uncertain  political  future  of  fission,  it  is  important 
now  to  develop  such  alternative  energy  options.  The  objective  of  the 
Nation's  energy  R.  &  D.  program  in  these  changing  times  should  be 
diversity  and  flexibility.  From  this  perspective  it  is  encouraging  to 
see  ERDA's  activities  increasing  in  the  areas  of  energy  conservation 
and  solar  energy.  These  efforts  are  still  relatively  small  and  tentative, 
however,  in  comparison  to  the  LMFBR  program  and  the  emphasis  in 
the  President's  fiscal  1977  budget  remains  on  fission:  In  this  budget 
$839  million  authorization  is  requested  for  fission  (mostly  LMFBR 
related)  which  is  to  be  compared  with  8120  million  for  energy  conser- 
vation and  $160  million  for  solar  energy.  The  increases  over  the  pre- 
vious budget  authorization  are:  $45  million  for  energy  conservation. 
£45  million  for  solar  energy,  and  $224  million  for  fission.  Obviously 
funds  should  not  be  channeled  into  solar  and  energy  conservation 
research  and  development  projects  more  rapidly  than  they  can  be 
effectively  utilized.  Projects  with  major  potential  payoffs  are  being 
identified  in  these  areas,  however  and.  unless  available  energy  R.  &  D. 
funds  are  channeled  preferentially  into  those  areas,  there  appeals  to 
be  a  real  danger  that  the  lion's  share  of  funding  increases  will  be  ab- 
sorbed by  the  continual  cost  overruns  of  the  LMFBR  program. 

If  flexibility  and  diversity  are  required  in  the  Nation's  overall  en- 
ergy R.  &  D.  program  they  are  also  important  within  the  fission 
R.  &  D.  program  itself.  Unfortunately  the  trend  here  seems  to  be  in  the 
opposite  direction.  Virtually  the  entire  fission  R.  &  F>.  effort  is  now 
devoted  to  solving  the  problems  of  the  LMFBR  and  LTVR  teolmolo- 
gies.  The  snowballing  budget  is  not  evidence  of  new  initiatives,  rather 
it  reflects  mainly  tremendous  cost  overruns  and  efforts  to  deal  with 
proliferating  safety  issues  without  making  any  basic  changes  jn  the 
reactor  designs.  In  fact,  in  the  future  annals  of  fission  R.  &  D..  fiscal 
1070  is  likely  to  be  remembered  less  for  the  results  of  the  half  a  billion 
dollars  invested  in  LMFBR  technology  than  for  the  virtual  termina- 
tion of  R.  &  D.  on  two  reactor  desiims  based  on  the  "thorium  economy'' 
Avhirm  offered  an  alternative  to  the  "plutonium  economy."  It  is  not 
certain  at  this  time  that  a  fission  fuel  cycle  based  on  thorium  would 
ultimately  prove  to  be  more  benign  than  one  based  on  the  plutonium 
breeder.  It  is  certain,  however,  that  many  of  the  problems  would  be 
quite  different.  At  a  time  when  the  concept  of  a  plutonium  economy  is 
under  such  vigorous  attack,  one  would  think  that  interest  in  thorium- 
1  reactors  would  increase.  Instead  the  commercial  developer  of 
the  hiirh-temperahire  g;is-cool<d  reaetor  went  out  of  the  business  for 

lack  of  Federal  interest  and  the  budget  for  work  on  the  Molten  Salt 
Breeder  Reactor  iras  cut  from  $4  million  in  fiscal  1076  to  zero  in  the 
admmi-t  nit  ion's  proposed  budget  for  1077. 
The  purpose  of  the  report  which  follows  is  to  provide  to  Conjrrt  et 

additional  background  on  t  he  principal  issues  in  the  LMFBR  debate. 


I.  The  Rationale  for  the  Breeder  Reactor 

In  the  winter  of  1973-74  the  oil  exporting  nations  demonstrated 
dramatically  that  control  over  the  international  oil  market  had  shifted 
from  the  consumers  to  the  suppliers.  The  price  of  international  oil 
rose  several  fold  putting  a  serious  strain  on  the  economies  of  the  oil 
importing  nations.  Perhaps  as  important  was  the  discovery  by  the 
major  oil  exporting  nations  of  the  Middle  East  of  the  political  lever- 
age inherent  in  their  control  over  the  fuel  supplies  of  the  oil  import- 
ing nations.  In  the  United  States  and  in  many  other  nations  increased 
"energy  independence''  became  a  national  policy  goal. 

Since  that  time  it  has  become  apparent,  however,  that  increasing  the 
domestic  supplies  of  energy  will  not  be  an  easy  task.  In  the  United 
States  the  production  of  both  oil  and  natural  gas  have  begun  to  decline 
and  current  estimates  of  recoverable  U.S.  resources  of  these  fuels  indi- 
cate that  it  is  unlikely  that  they  can  continue  to  supply  the  bulk  of 
U.S.  energy  beyond  the  year  2000. 

The  resource  situation  for  coal  is  much  more  favorable  but  there  are 
very  serious  environmental  and  occupational  health  problems  cur- 
rently associated  with  both  coal  mining  and  coal  burning.  Even  greater 
environmental  problems  can  be  expected  with  the  exploitation  of  the 
other  major  U.S.  fossil  fuel  resource,  oil  shale. 

An  additional  concern  which  applies  to  the  use  of  all  fossil  fuels 
stems  from  the  fact  that  about  one  half  of  the  carbon  dioxide  produced 
by  their  combustion  in  the  past  has  accumulated  in  the  atmosphere. 
Some  climatologists  are  concerned  that  a  continued  buildup  in  atmos- 
pheric C02  may  result  within  decades  in  changes  in  the  Earth's  climate 
large  enough  to  have  a  major  impact  on  world  agriculture.  [1] 

The  stage  therefore  appears  to  be  set  for  the  introduction  into  the 
U.S.  energy  supply  of  one  or  more  major  new  energy  sources  not 
dependent  on  fossil  fuels.  Currently  the  prime  candidates  are  the  fis- 
sion of  heavy  atoms,  sunlight,  and  the  fusion  of  light  atoms. 

In  the  past  decades  the  greatest  priority  in  U.S.  energy  research 
and  development  has  been  accorded  to  the  development  of  economical 
fission  power.  Recently,  however,  the  energy  crisis  and  controversy 
concerning  the  safety,  and  environmental  hazards  associated  with  fis- 
sion energy  have  led  to  a  dramatic  increase  in  the  levels  of  funding 
devoted  to  solar  and  fusion  energy.  It  will  be  several  years,  however, 
in  the  case  of  solar  energy  and  perhaps  decades  in  the  case  of  fusion, 
before  their  potentials  and  limitations  are  as  well  established  as  are 
those  of  fission  energy.  It  would  therefore  appear  to  be  premature  to 
foreclose  the  future  of  fission  energy  before  the  policy  issues  relating 
to  the  alternatives  become  more  clearly  defined. 

It  is  in  this  context  then  that  we  confront  the  issues  posed  by  the 
proposed  liquid  metal  cooled  fast  breeder  reactor  (LMFBR). 

Note. — All  footnotes  to  the  text  appear  at  the  end  of  the  repor  and  begin  on  p.  21. 

(5) 
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The  development  of  the  breeder  reactor  is  being  proposed  because 
current  U.S.  water  cooled  reactors  are  able  to  release  only  about  1  per- 
cent of  the  stored  energy  in  natural  uranium.  An  LMFBR  would  make 
possible  the  release  of  over  50  percent.  (See  app.  A.) 

The  factor  of  50  or  so  increase  in  the  extraction  of  energy  from 
uranium  is  important  because  high-grade  uranium  ore  is  much  less 
abundant  than  high  grade  fossil  fuel  deposits  in  the  Earth's  crust. 
Estimates  of  the  U.S.  economically  recoverable  coal  resources,  for 
example  are  of  the  order  of  1  trillion  tons  [2] — enough  to  support  U.S. 
energy  consumption  at  the  current  rate  for  about  300  years.  U.S. 
resources  of  high-grade  uranium  ore  are  estimated  to  be  of  the  order 
of  millions  of  tons. [3]  A  million  tons  of  uranium  is  equivalent  to 
approximately  2  trillion  tons  of  coal  if  used  to  fuel  a  breeder  reactor 
but  it  is  only  equivalent  to  about  40  billion  tons  of  coal  if  used  in  cur- 
rent commercial  nuclear  reactors.  With  current  technology,  therefore, 
high-grade  uranium  ore  represents  a  rather  small  energy  resource 
relative  to  coal.  With  a  breeder  reactor  the  uranium  resource  would 
grow  in  two  ways:  The  releasable  energy  in  a  pound  of  uranium  ore 
would  be  increased  by  a  factor  of  50  or  so,  as  has  already  been  noted, 
and  it  would  become  economic  to  mine  much  lower  grades  of  uranium 
ore — even  to  extract  dissolved  uranium  from  ocean  water.  Uranium — 
and  thorium — would  then  come  to  represent  very  large  energy  re- 
sources indeed  in  comparison  to  the  fossil  fuels. 

II.  Hazards  of  a  Plutonium  Economy 

While  the  LMFBR  would  remove  the  short-term  resource  limita- 
tions on  fission  energy,  it  would  also  tend  to  exacerbate  some  of  the 
troublesome  problems  of  our  current  fission  power  technology.  In  par- 
ticular, it  would  require  the  introduction  of  a  "plutonium  economy." 

Plutonium  is  produced  by  conventional  water-cooled  reactors  just 
as  it  is  by  the  LMFBR.  The  LMFBR  technology  requires  recycle  of 
the  produced  plutonium,  however,  while  the  water-cooled  reactors  do 
not.  Recycle  of  the  produced  plutonium  and  the  leftover  uranium-235 
in  the  spent  fuel  from  a  conventional  water-cooled  reactor  increases 
the  amount  of  energy  extracted  from  the  original  uranium  ore  by 
less  than  50  percent  [4]  and  it  is  a  marginal  decision  whether  the  fuel 
value  of  the  recovered  uranium  and  plutonium  justifies  the  cost  of  the 
reprocessing  of  the  fuel.  [5]  In  contrast,  the  LMFBR  technology  is 
premised  on  the  chemical  purification  and  recycling  of  the  fuel  tens 
of  times  before  all  the  uranium  lias  been  converted  into  plutonium  and 
(issioned.[6] 

The  plutonium  economy  raises  two  types  of  concerns:* 

1.   ENVIRONMENTAL 

Plutonium  is  an  extremely  hazardous  and  long-lived  environmental 
contaminant.  The  more  that  i1  is  handled,  the  larger  the  fraction  which 


•Perhaps  the  most  sustained  effort  to  brine  these  concerni  to  public  attention  has  been 
made  by  the  Natural  Resource*  Defense  Council  (beginning  with  the  lawsuit  which  resulted 
hi  the  AEC%  "LMFBR  Program  Environment  tmpacl  Statement"),  and  with  critiques  of 

a  ri  'r,.,,,  v  n,w  ."  o  ,t :  of  l>r.  Thomai  Cochran**  book  "The  Liquid  MetalFaal  Breeder 
Motor: An  ItavlroSmental  and  Economic  Crlttqoe"   (Besources  tor.  the  f*«re,  WW). 


-will  tend  to  find  its  way  into  the  environment.  ERDA  has  set  as  an 
objective  the  containment  of  plutonium  and  the  associated  long-lived 
radioactive  isotopes  at  a  level  where  only  one  atom  out  of  a  billion 
processed  in  the  LMFBR  fuel  cycle  will  leak  out  into  the  environ- 
ment. [7]  Various  groups  including  the  EPA  have  raised  questions  as 
to  whether  such  an  objective  is  achievable  in  practice.  If  it  is  not,  then 
we  must  face  the  question  on  whether  achievable  containment  levels 
are  tolerable.  (See  app.  B.) 

2.   DIVERSION 

It  takes  a  rather  elaborate  facility  to  separate  plutonium  from  the 
highly  radioactive  fission  products.  Once  this  has  been  done,  how- 
ever, the  plutonium  is  easy  enough  to  handle  so  that  there  is  legitimate 
concern  that  a  small  group  of  individuals  with  rather  modest  resources 
might  be  able  to  steal  some  of  the  material  and  fabricate  a  crude 
nuclear  weapon.  [8]  Less  than  20  pounds  of  plutonium  would  be  re- 
quired for  the  manufacture  of  a  crude  nuclear  explosive  with  an 
expected  yield  equivalent  to  more  than  100  tons  of  TNT.  By  the  year 
2000  approximately  20,000  times  this  much  new  plutonium  would  be 
produced  each  year  in  the  projected  fission  economy  of  about  1,000 
large  1  million  kilowatt  reactors.  [9]  (See  app.  C.) 

On  the  international  level,  the  prospect  of  a  plutonium  economy 
raises  the  issue  of  a  proliferation  of  nuclear  weapons  states  based  on 
plutonium  separated  out  from  the  spent  fuel  of  nuclear  powerplants. 
Establishing  the  plutonium  economy  as  an  integral  part  of  nuclear 
energy  technology  could  be  a  significant  step  in  facilitating  the  pro- 
motion of  other  nations  with  nuclear  powerplants  to  the  nuclear 
weapons  "club." 

Aside  from  the  issues  posed  by  the  plutonium  economy,  the  LMFBR 
seems  to  have  both  safety  advantages  and  disadvantages  when  com- 
pared with  current  water-cooled  reactors.  It  is  unclear  at  the  present 
time  therefore  which  design  is  safer.  (See  app.  D.) 

III.  Timing  or  the  LMFBR  Decision 

The  timing  of  the  decision  in  the  United  States  on  whether  or  not 
to  go  ahead  with  the  breeder  reactor  depends  in  part  on  the  larger 
energy  policy  context,  discussed  above,  that  is,  on  a  continuing  com- 
parison of  the  relative  promise  and  hazards  of  the  alternative  energy 
supply  technologies. 

The  decision  to  go  ahead  with  the  LMFBR  or  some  other  uranium 
conserving  reactor  design  will  depend  also  upon  the  rate  at  which 
the  U.S.  resources  of  high-grade  uranium  ore  are  depleted.*  This  rate 
of  depletion  in  turn  depends  on  two  factors:  (1)  The  rate  at  which 
U.S.  reactors  consume  uranium,  (2)  the  total  U.S.  resources  of  high- 
grade  uranium  ore. 

*For  the  present  purposes  we  will  ignore  the  possibility  of  the  United  States  importing 
(or  exporting)  significant  amounts  of  uranium.  According  to  current  estimates  the  T'nitod 
States  possesses  approximately  one-third  of  the  world's  high-grade  uranium  resource* 
outside  the  Communist  bloc.  (Testimony  of  Robert  Nininger.  "Oversight  Hearings  on 
Nuclear  Energy — Part  II,"  June  5,  1975.  p.  403.)  This  may  merely  reflect,  however,  the 
relatively  advanced  state  of  exploration  in  the  United  States. 
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1.    RATE    OF    CONSUMPTION    OF    URANIUM 

Essentially  all  currently  operating  U.S.  commercial  nuclear  power 
reactors  are  light  water-cooled  reactors — LWE's.*f  As  of  June  30, 
1975,  the  total  U.S.  nuclear  generating  capacity  totaled  less  than 
37.000  megawatts  electric  (MWe).  Additional  capacity  totaling  77.000 
MWe  was  under  construction,  however  and  a  further  104,000  MWe 
of  capacity  was  on  order  for  a  grand  total  of  218.000  M>Ve.  [10]  The 
total  U.S.  electrical  generating  capacity  as  of  the  end  of  1075  was 
about  492.000  megawatts.  [11]  The  nuclear  capacity  built,  under  con- 
struction or  on  order  is  therefore  equivalent  to  almost  one  half  of  the 
Nation's  fossil  fueled  generating  capacity. 

A  1,000  megawatt  electric  (^HVe)  light  water-cooled  reactor — the 
most  common  U.S.  power  reactor — currently  requires  about  165  tons  of 
unenriched  uranium  oxide  (U308)  per  year.  [12]  By  increasing  the 
extraction  of  uranium-235  out  of  the  natural  uranium  at  the  enrich- 
ment plant  back  to  past  levels,  this  requirement  could  be  reduced  by 
approximately  16  percent.  [13]  With  recycle  of  uranium  it  could  be 
reduced  by  a  further  17  percent  and  a  final  17-percent  reduction  could 
be  obtained  by  recycling  the  produced  plutonium  for  a  total  potential 
saving  of  approximately  40  percent.  [4]  For  the  approximately  200.000 
MWe  of  capacity  currently  built,  under  construction,  or  on  order, 
operating  for  a  30-year  lifetime,  the  U308  requirements  in  the  absence 
of  any  of  these  changes  would  be  approximately  1.2  million  tons.  [14] 
With  all  of  the  changes,  the  requirements  could  be  reduced  to  approxi- 
mately 700.000  tons. 

Tn  testimony  before  the  subcommittee.  Roger  Legassie.  ERDA'S  As- 
sistant Administrator  for  Planning  and  Analysis,  presented  a  projec- 
tion of  nuclear  capacity  for  the  year  2000  as  between  625.000  and 
1.250.000  MWe.  This  nuclear  capacity  was  assumed  to  generate  be- 
tween 50  and  75  percent  of  the  total  electrical  energy  consumed  in  that 
year  which  was  assumed  in  turn  to  account  for  approximately  50  per- 
cent of  all  fuel  energy  consumed  in  that  year — compared  with  ap- 
proximately 26  percent  currently.  The  total  U.S.  energy  budget  in  the 
year  2000  was  assumed  to  be  between  1.8  and  2.6  times  larger  than  the 
1 1  * 7 * >  U.S.  energy  budget. [15]  Similar  electrical  energy  growth  projec- 
tions were  offered  to  the  committee  by  Robert  Smith,  president  of 
Public  Service  Electric  and  Gas  of  Now  Jersey  and  chairman  of  the 
Energy  Analysis  Division  Executive  Committee  of  the  Edison  Elec- 
tric Institute. [16]  The  range  of  year  2000  nuclear  energy  capacity 
projections  offered  the  subcommittee  in  testimony  by  John  Hill,  Dep- 
uty Administrator  of  the  Federal  Energy  Administration.  600.000  to 
">n  megawatts,  fell  at  the  low  end  of  ERDA's  range  of  projections 
but  still  represented  an  enormous  growth. [17] 

If  such  growth  were  realized  and  if  new  uranium  conserving  nu- 
clear reactor  designs  were  not  introduced,  then  the  oO-vear  uranium 
requirements  for  U.S.  reactors  operating  in  the  year  2000  would  be 
increased  threefold  to  sixfold  beyond  the  requirements  for  the  capac- 
ity already  under  const  ruct  ion,  being  built,  or  on  order. 

*Tii<>  cooling  \v;itcr  is  termed  "light"  to  distinguish  it  from  the  "heavy  water"  used  in 
Canadian  type  power  reactors,  in  heavy  water  "Henry  hydrogen"  or  deuterium  atoms  are 
substituted  for  th<-  ordlnar]  hydrogen  atoms  In  n  0.  Heavy  water  is  expensive  t>ut  has 
the  advantage  of  capturing  fewer  oeutroni  than  are  captured  in  liiriu  water. 

fOne  small  830  minion  watt  iiMi  Temperature  Qaa  Cooled  Reactor  (HTOR)  lias  Just 
been  pal  Into  operation  in  Colorado?* 
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Quite  a  different  perspective  on  electrical  energy  growth  projections 
was  offered  to  the  subcommittee  by  Professors  Duane  Chapman  and 
Timothy  Mount  of  Cornell  University.  [18]  Professors  Chapman  and 
Mount  pointed  out  that  the  past  rapid  increases  in  demand  for  electri- 
cal energy — an  approximate  doubling  every  10  years  since  1920  [19] — 
were  accompanied  by  corresponding  dramatic  decreases  in  the  cost  of 
electric  power  relative  to  the  costs  of  other  commodities. 

Between  1950  and  1970  this  relative  cost  fell  by  a  factor  of  two.  [20]* 
In  their  testimony  they  pointed  out  that  this  trend  of  declining  real 
prices  of  electricity  has  now  been  reversed  with  a  50-percent  increase 
in  the  relative  prices  of  electricity  from  1972  to  1974.  With  these  price 
increases  they  expect  a  dramatic  slowing  in  the  growth  rate  of  electric 
energy  demand. 

Another  witness  Dr.  Robert  Williams,  then  director  of  research  of 
the  Institute  for  Public  Policy  Alternatives  of  the  iState  University 
of  New  York,  and  formerly  senior  scientist  at  the  Ford  Foundation  s 
energy  policy  project  directed  the  subcommittee's  attention  [21]  to  a 
study  done  for  the  Ford  Foundation's  energy  policy  project  (EPP) 
by  Edward  A.  Hudson  and  Dale  W.  Jorgenson  of  Data  Resources  Inc. 
(DRI).  [22]  The  findings  of  this  study  appeared  to  support  the  con- 
tentions of  Chapman  and  Mount. 

The  DRI  study  uses  an  approximate  mathematical  description  of 
the  U.S.  economy  to  estimate  the  effects  of  price  increases  in  electrical 
and  other  forms  of  energy  on  the  rest  of  the  economy.  The  economists 
used  their  model  to  determine  what  changes  in  energy  prices  and  Gov- 
ernment policies  would  be  required  for  energy  consumption  to  con- 
tinue to  grow  at  the  historical  rate — or  to  grow  at  specified  lower  rates. 
They  found  that  a  continuation  of  the  dramatic  relative  price  de- 
creases of  the  past  would  have  to  occur  for  electricity  to  realize  growth 
rates  in  demand  such  as  those  projected  by  the  Government  and  the 
utilities,  that  is,  the  relative  price  of  electricity  would  have  to  drop 
by  50  percent  to  bring  about  the  fourfold  increase  in  electrical  de- 
mand by  the  year  2000  that  ERDA  characterized  as  "moderate  to 
low."  On  the  other  hand,  with  a  rather  modest  30-percent  increase  in 
the  relative  price  of  electricity,  it  was  found  that  the  consumption  of 
electricity  would  only  double  by  the  year  2000. 

Quite  encouragingly  the  DRI  study  found  that  such  very  different 
projections  in  the  relative  prices  of  and  demand  for  electricity  had  lit- 
tle effect  on  the  growth  of  employment  or  of  the  economy.  The  Higher 
prices  had  primarily  the  effect  of  stimulating  increased  efficiency  in 
the  use  of  energy  in  the  satisfaction  of  essentially  the  same  final  con- 
sumer demands.  Quantitatively  the  DRI  analysis  showed  a  slightly 
reduced  GXP  (4  percent  subtracted  from  a  real  growth  of  130  percent) 
in  the  year  2000  in  this  "technical  fix"  scenario  but  a  slightly  increased 
employment  (3  percent  added  to  a  growth  of  50  percent  in  man-hours.) 
The  increased  employment  stemmed  from  the  fact  that  energy-conserv- 
ing production  procedures  will  tend  to  be  slightly  more  labor  intensive. 
Dr.  Williams  also  submitted  for  the  record  "a  paper  published  by 
John  G.  Myers  of  the  Conference  Board.  [23]  This  paper  points  oiit 

•In  this  connection  it  is  interesting  to  note  that,  although  the  consumption  of  elec- 
tricity grew  much  more  rapidly  than  the  gross  national  product  (measured  in  cons?,,  r 
dollars)  between  19a0  and  1070  (5  times  compared  to  2  times)  due  to  the  ivl  itive  nr  ',' 
decrease  of  electricity,  the  share  of  the  gross  national  product  bejhg  expended  on  the 
purchase  of  electric  energy  increased  only  slowly— by  approximately  25  percent  over  the 
3U.H1G  period. 
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that  despite  a  decrease  of  24-  percent  in  the  price  of  energy  relative  to 
other  commodities  between  1947  and  1970.  the  average  rate  of  growth 
in  ener<rv  consumption  over  the  same  period  was  approximately  0.6 
percent  slower  than  the  average  rate  of  (real)  growth  of  the  gross  na- 
tional product.  With  the  recent  increase  in  energy  prices  Mr.  Myers 
suggested  that  the  difference  between  these  two  growth  rates  might 
open  up  to  2  percent,  that  is,  that  only  about  a  1%  percent  energy  con- 
sumption growth  rate  would  be  required  to  support  a  growth  rate  of 
3i/o  percent  in  the  real  GXP. 

To  substantiate  the  DRT  assertion  that  it  would  be  possible  to  in- 
crease the  real  GXP  by  130  percent  while  increasing  total  energy  con- 
sumption bv  onlv  approximately  50  percent  (that  is,  to  increase  the 
ratio  of  real  GXP  to  total  energy  consumed  by  50  percent),  Dr.  Wil- 
liams offered  a  detailed  list  of  currently  feasible  and  economically 
justified  measures  for  increasing  dramatically  the  efficiency  of  our  cur- 
rent use  of  energy.  He  stated  that,  if  these  measures  were  adopted 
throughout  the  economy,  the  amount  of  energy  required  to  produce  an 
average  unit  of  the  gross  national  product  could  be  reduced  by  ap- 
proximately 40  percent. 

Of  course,  in  view  of  the  peaking  of  U.S.  production  of  our  prin- 
cipal fuels,  oil  and  natural  gas  (currently  about  75  percent  of  U.S. 
energy  supply),  one  can  expect  a  continued  shift  of  the  Nation's  econ- 
omy to  electric  energy  derived  from  coal  and  uranium  fueled  power- 
plants.  Even  if  the  electric  sector  were  to  grow  to  the  point  where  it 
consumed  50  percent  of  the  total  primary  fuel  used  by  the  economy 
(up  from  26  percent  in  1973).  however,  the  average  growth  rnte  of  the. 
electrical  energy  sector  would  be  less  than  3  percent  greater  than  that 
of  total  energy  consumption — approximately  the  historical  difference. 
A  reduced  growth  rate  in  overall  energy  consumption  would  therefore 
be  reflected  in  a  reduced  growth  rate  in  electrical  energy  consumption. 

It  appears  that  the  analysis  presented  by  Chapman,  Mount,  and  Wil- 
liams call  into  substantial  question  the  administration's  projections  of 
electrical  energy  growth. 

2.    TT.S.    URANIUM    RESOURCES 

The  sul>committee  heard  testimony  on  the  uranium  resource  situa- 
tion from  Mr.  Robert  Nininger,  ERDA's  Assistant  Director  for  Raw 
Materials.  [24]  Mr.  Nininger  testified  that,  as  of  January  1,  r.»7r>. 
ERDA  estimated  that  the  United  Slates  had  in  well-established  re- 
serves approximately  690,000  tons  of  U;0« — mostly  in  uranium  ore 
of  a  grade  comparable  with  that  currently  being  mined.  (  Included  was 
1)0,000  tons  classed  as  being  recoverable  as  a  byproduct  from  phosphate 
or  tapper  mining  by  the  year  2000).  Mr. 'Nininger  also  presented 
ERDA  e  timates  that  an  additional  "potential  resource"  of  approxi- 
mately -_V.)  million  tons  of  (  ',(  h  in  ores  of  similar  grade  was  still  to  be 
found  for  a  grand  total  estimated  resource  base  of  3.6  million  tons  1     I  ). 

in  "high  grade"  ores.  These  "high  grade"  ores  currently  being  mined 
average  approximately  0.2  percent  uranium  bv  weight.  [25]  The  ore 

Which  Mr.  Nininger  included  in  his  estimate  went  'down  to  approxi- 
mately 0.00  penent  uranium  by  Weight  [26]  * 


•Although  in  :.  percentage  mum  this  ore  .•.pi-'.-irs  mjn  i„w  grade  in  an  1 
n  is  Dot.  Even  at  0  1  percent  uranium  bj  weight.  1  Eon  of  uranium  ore  can 
equ  valen  energy  of  20  torn  <.r  ,.,,.•,]  when  used  to  fuel  a  water-cooled  rea« 
equivalent  to  1,000  tone  of  coal  when  need  (<>  fuel  a  breeder  reactor 


onorpy 
provide  the 

actor   ami    tin? 
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If  the  United  States  exhausts  its  high-grade  uranium  resources,  then 
it  will  have  to  turn  to  lower  grade  resources.  ERDA's  current  informa- 
tion is  that  the  United  States  has  no  significant  uranium  resources  in 
ores  between  0.07  and  0.008  percent  uranium  by  weight.  The  next  major 
resource  is  in  Chattanooga  shale  which  is  estimated  by  EKDA  to  con- 
tain approximately  13  million  tons  of  U3Og  at  a  concentration  ranging- 
from  0.0080  to  0.0025  percent.  [27]  At  0.0050  percent  the  uranium  in  a 
ton  of  ore  would  have  about  the  same  energy  value  as  fuel  for  a  U.S. 
water-cooled  reactor  as  a  ton  of  coal  for  a  coal-fueled  powerplant. 
EKDA  believes  that  most  of  the  mining  would  have  to  be  done  under- 
ground. Current  underground  coal  mining  would  fuel  only  approxi- 
mately 125,000  megawatts  of  coal  powerplant  capacity  at  a  65-percent 
capacity  factor.  Approximately  100,000  equivalent  full-time  miners 
work  to  provide  this  coal.  [28]  Supporting  a  nuclear  energy  capacity 
of  several  hundred  thousand  megawatts  by  mining  Chattanooga  shale 
does  not  therefore  appear  to  be  an  attractive  prospect. 

The  subcommittee  also  heard  from  Mr.  Milton  Searl  who  had  a 
much  more  optimistic  view  than  ERDA  of  the  U.S.  potential  uranium 
resources.  [29]  Mr.  Searl,  manager  of  the  energy  supply  studies  pro- 
gram of  the  electric  utilities-  Electric  Power  Research  Institute,  ex- 
pressed his  belief  that  ERDA's  current  estimates  of  uranium  resource? 
in  high-grade  uranium  ore  will  prove  to  be  low  for  two  principal 
reasons : 

1.  ERDA's  resource  estimates  are  dominated  by  ore  deposits  at  rela- 
tively shallow  depths.  Mr.  Searl  suggested  that  this  shallow  distribu- 
tion was  not  a  result  of  the  actual  distribution  of  deposits  with  depth 
but  instead  simply  reflected  the  fact  that  shallower  deposits  are  easier 
to  find.  As  support  for  this  contention  Mr.  Searl  noted  that  the  aver- 
age depth  of  ERDA's  $8  per  pound  U308  cost  category  of  uranium 
reserves  was  approximately  400  feet  in  1973 — quite  close  to  the  aver- 
age depth  of  exploratory  drilling  over  the  previous  several  years.  [30J 
Searl  pointed  out  that,  if  uranium  ore  were  indeed  distributed  uni- 
formly with  depth  down  to  say  4,000  feet,  then  the  sum  of  ERDA's 
resource  figure  plus  past  production  (assuming  that  it  also  was  at  an 
average  depth  of  400  feet)  should  be  multiplied  by  approximately  a 
factor  of  5  to  obtain  a  corrected  estimate  for  resources.  He  noted,  how- 
ever, that  the  deeper  uranium  ore  would  be  both  more  difficult  to  find 
and  more  costly  to  mine. 

2.  Sot  only  is  the  exploration  of  the  country  at  depth  incomplete,  it 
is  also  far  from  complete  over  the  area  of  the  United  States.  Mr.  Searl 
testified  that:  "A  review  of  the  literature  convinced  us  that  the  total 
prospective  area  in  the  United  States  potentially  productive  was  30 
times  the  known  producing  area."  Assuming  that  no  areas  with  larger 
reserves  remained  to  be  discovered,  he  estimated  on  the  basis  of  ex- 
perience with  the  distribution  of  other  mineral  resources  that  other 
districts  with  a  total  uranium  resource  approximated  three  times, 
greater  than  that  of  the  currently  producing  area  would  be  found.  [30] 

Correcting  the  ERDA  resource  estimates  for  tliese  two  considera- 
tions would  raise  them  bv  a  factor  of  20  to  72  million  tons.  In  actual 
fact,  in  a  document  submitted  for  the  record  [30]  Mr.  Searl  suggested, 
however,  that  the  United  States  has  a  resources  base  of  hich-q-rado 
uranium  ore  in  the  range  13  to  29  million  tons,  for  the  entire  United 
States.  This  estimate  is  not  comparable  to  ERDA's  current  estimate, 
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however,  since  it  was  based  on  a  1973  ERDA  estimate  of  certain  classes 
of  reserves  totaling  1  million  tons. 

If  Mr.  Searl  is  correct,  then  there  is  much  more  high-grade  uranium 
ore  to  be  found  in  the  United  States  beyond  the  3  million  tons  of  U308 
equivalent  estimated  by  EKDA.  This  would  be  in  keeping  with  history 
where  ERDA's  estimates  in  one  category  for  which  we  have  historical 
information  (less  than  $15  per  pound  U308  forward  costs*)  have  in- 
creased from  570,000  tons  [31]  in  1967  to  approximately  1  million 
tons  [31]  in  the  period  1969-73,  to  approximately  2  million  tons  [26] 
at  the  beginning  of  1975. 

Such  arguments  are  not  a  sufficient  basis  for  public  policy,  however, 
and  it  is  important  that  the  uncertainty  in  U.S.  high-grade  uranium 
resources  be  greatly  reduced. 

Since  1958  uranium  exploration  has  been  left  to  industry  with  the 
AEC — now  ERDA — largely  playing  the  bookkeeper's  role.  This  was 
adequate  when  the  required  forward  reserve  was  8  to  10  years  current 
production  and  production  was  averaging  only  about  12,000  tons  of 
U308  per  year.  [25  |  With  the  projected  demand  rising  to  40,000  tons 
per  year  before  1985,  and  the  breeder  decision  depending  upon  the 
adequacy  of  our  uranium  reserves  to  supply  the  lifetime  requirements 
of  reactors  built  in  the  year  2000,  however,  it  will  be  necessary  to  make 
an  effort  to  identify  uranium  resources  which  goes  beyond  that  which 
is  justified  by  the  short-term  planning  requirements  of  the  uranium 
mining  industry  itself. 

In  response  to  this  obvious  need,  the  AEC  embarked  in  1973  on  its 
own  national  uranium  resource  evaluation  (NURE)  program  funded 
at  the  level  of  $7  million  [32]  for  fiscal  years  1974  and  1975.  The  result 
in  the  first  18  months'  work  has  been  an  increase  of  1.2  million  tons  in 
ERDA's  UoOs  resource  estimate.  [24]  This  first  phase  of  the  NITRE 
program  which  was  programed  to  be  completed  by  January  1976  in- 
volves the  assembly  and  analysis  of  existing  information  with  experi- 
enced uranium  geologists  making  estimates  based  on  industry  data. 
field  examinations,  available  geologic  reports,  discussion  with  other 
Federal.  State,  and  university  geologists,  as  well  as  their  own  experi- 
ence and  judgment.  Each  geographic  area  is  examined  and  judged  on 
key  geologic  characteristics  and  compared  with  areas  of  known  ura- 
nium reserves  and  ore  controls.  [24] 

The  second  phase  of  the  NURE  program,  which  is  to  be  completed 
by  1980,  would  involve  ERDA  developing  new  resource  information 
through  an  aggressive  program  of  geologic  and  geoehemienl  investi- 
gations, geologic  drilling  and  aerial  and  other  geophysical  survey-. 
[25]  The  NTURE  program  would  also  include  an  effort  to  upgrade  the 
exploration  techniques  of  industry.  The  uranium  industry  expended 
approximately  $50  million  on  exploration  efforts  in  L973  and  has  been 
rapidly  increasing  its  efforts. since.  [251  It  appears  obvious  thai  this 
program  should  be  pursued  with  the  highest  priority. 

ERDA's  uranium  resource  evaluation  program  should  also  he  im- 
proved where  possible.  Mr.  Sear]  suggested  a  number  of  possibilities 
for  such  improvements  including: 

•Forward  costs  .-ire  ERDA's  estimated  costs  f<>r  mining,  hauling,  and  milling  <>f  the 

•  ire  phi'-  royalties,    it  does  not  Include  "sunk  coats,"  such  as  <■<>*(<  already  expended  In 

exploration  and  property  acquisition  n<>r  does  n  Include  profits  or  Interest  Due  to  Inflation 

the  closing  of  mines,  the  more  expensive  ore  In  :i  particular  forward  eosl 

iv  will  tend  to  move  Into  the  oexi  higher  category    in  order  for  resources  t<«  Increase 

ore,   the  r. 1 1 <•  <>f  discovery  <>f  new  resource!  must   exceed   the  rate  <>f  mining  plus 

attrition  due  to  Inflation  and  other  effects. 
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1.  An  assessment  of  whether  past  exploration  efforts  ignored  ura- 
nium deposits  which  were  not  then  of  economic  interest  but  might  be 
by  the  end  of  the  century.* 

2.  A  systematic  approach  to  understanding  the  distribution  of  ura- 
nium deposits  as  a  function  of  depth,  size,  and  grade. 

3.  Making  ERDA's  data  bank  on  uranium  resources  more  accessible 
to  outside  analysts  who  might  be  able  to  suggest  improvements  in 
ERDA's  approach  to  the  problem. 

In  view  of  the  importance  of  the  uranium  resource  question,  it 
might  be  appropriate  to  convene  a  qualified  review  group — possibly 
under  the  auspices  of  the  National  Academy  of  Sciences — to  review 
the  NURE  program.  This  review  should  assess  the  adequacy  of  the 
coverage  of  this  program  as  well  as  the  effectiveness  with  which  it 
utilizes  the  expertise  available  in  other  Government  agencies  such  as 
the  U.S.  Geological  Survey  and  in  universities.  A  considerably  higher 
level  of  funding  for  the  uranium  resource  assessment  program  could 
be  justified  if  such  funds  could  be  effectively  spent. 

IV.  Other  Uranium  Conserving  Reactors 

The  discussion  above  has  ignored  the  fact  that  there  are  more  than 
the  two  types  of  nuclear  reactors  discussed  so  far :  The  standard  U.S. 
light  water  cooled  reactor  (LWR)  and  the  proposed  liquid  metal 
cooled  fast  breeder  reactor  (LMFBR).  In  fact,  in  addition  to  other 
proposed  breeder  reactor  designs,  there  are  at  least  two  additional 
developed  reactor  types  whose  requirements  for  uranium  per  kilowatt 
hours  of  electricity  generated  would  lie  between  those  of  the  LWR  and 
LMFBR.  These  reactors  are  the  commercially  successful  Canadian 
heavy  water  reactor  (CAKDU)  and  the  U.S.  high-temperature  gas- 
cooled  reactor  (HTGR)  whose  commercial  future  is  currently  in  ques- 
tion. Use  of  these  two  reactor  types  would  reduce  the  uranium  require- 
ments per  kilowatt  hour  by  a  factor  of  approximately  two  with  either 
a  once  through  or  a  recycle  fission  economy.  (See  app.  E.) 

In  practice,  of  course,  there  would  be  difficulties  in  substituting  these 
reactors  for  LWR's  in  the  U.S.  reactor  market.  Neither  the  HTGR 
nor  the  CANDU  has  an  obvious  economic  advantage  over  the  light- 
water  reactors  with  the  uranium  prices  expected  over  the  next  decade 
or  so  and  they  have  the  disadvantage  of  competing  with  an  estab- 
lished reactor  type.  In  addition,  even  if  the  reluctance  of  the  market 
could  be  overcome,  it  would  take  a  considerable  time  before  the  indus- 
try could  be  geared  up  to  produce  either  of  these  reactor  types  in 
quantities  comparable  to  the  numbers  of  light-water  reactors  currently 
being  built.  It  should  be  noted,  however,  that  both  of  these  objections 
apply  at  least  as  strongly  to  the  LMFBR. 

1.    THE    THORIUM    ECONOMY    AND    "NEAR    BREEDERS'' 

If  a  decision  were  made  to  go  to  a  fuel  recycle  economy  with  any 
of  the  current  generation  of  commercial  power  reactors,  then  the 
greatest  conservation  of  uranium  would  be  possible  if  the  uranium  2!" 
were  separated  from  the  uranium  ,M  which  makes  up  the  remaining 
09.3  percent  of  natural  uranium  and  were  mixed  with  thorium  instead. 


♦One  wonders  in  this  connection  whether  It  might  not  he  possihle  to  "piggyback"  a  jrrent 
deal  of  uranium  exploration  on  drilling  efforts  aimed  at  deevloping  new  oil  and  gas  reserves. 
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In  such  an  arrangement  a  new  chain  reacting  element  uranium  233 
would  be  bred  out  of  the  thorium  instead  of  the  plutonium  which  is 
bred  out  of  uranium  238.  For  the  LWR,  HTGR.  and  CAXDU  which  all 
use  slowed  down  neutrons  in  their  chain  reactions,  conversion  in  the 
Thorium-uranium  fuel  cycle  would  be  somewhat  more  efficient  than 
in  the  uranium-plutonium  fuel  cycle.  The  opposite  is  true  for  the 
LMFB5  which  uses  fast  neutrons  in  the  chain  reaction. 

One  advantage  of  the  uranium-thorium  fuel  cycle  is  that  use  of  it 
would  allow  an  evolutionary  development  of  current  reactor  designs 
toward  designs  which  would  use  uranium  more  and  more  efficiently. 
Thus  both  the  HTGR  and  the  CANDU  could  probably  be  upgraded 
to  at  least  near-breeder  status.  [3S]  Tn  fact  ERDA  is  currently  fund- 
ing what  is  intrinsically  a  more  difficult  development  project:  the 
upgrading  of  the  Shippingport  light  water  cooled  reactor  to  the  status 
of  a  breakeven  breeder  reactor — a  reactor  which  utilizes  uranium  a^ 
efficiently  as  the  proposed  LMFBR  but  unlike  the  LMFBR  does  not 
breed  significant  amounts  of  surplus  fissionable  material  to  fuel  new 
reactors,  \?>Z] 

With  ERDA's  projected  growth  rate  for  the  U.S.  nuclear  power 
capacity  and  its  estimates  of  U.S.  uranium  reserves,  it  would  probably 
be  impossible  to  introduce  HTGR's  or  CAXDU's  rapidly  enough  to 
prevent  a  severe  uranium  shortage  with  the  LMFBR.  In  fact  in  the 
short  term  uranium  supply  and  enrichment  capacity  problem  might 
Ix?  exacerbated  by  the  introduction  of  uranium  conserving  reactors 
since  many  designs  have  greater  initial  fuel  requirements  than  con- 
ventional reactors  although  their  requirements  for  makeup  fuel  are 
less.  In  such  designs  it  might  be  a  decade  after  initial  operation  before 
the  net  savings  began  to  accrue.  [33]  If  the  nuclear  power  growth 
rate  turns  out  to  be  significantly  slower  or  U.S.  uranium  resources  are 
found  to  l)e  significantly  larger,  however,  then  this  option  might  prove 
to  be  quite  attractive.  An  added  incentive  for  exploring  it  is  provided 
by  the  fact  that  the  uranium-thorium  fuel  cycle  might  have  advan- 
tages over  the  uranium-plutonium  fuel  evele  with  respect  to  environ- 
mental contamination  and/or  safeguards  against  diversion  of  fuel 
materials  to  use  in  nuclear  explosives. 

2.  OTHER  BREEDER  REACTORS 

In  addition  to  the  LMFBR  two  other  breeder  reactor  concepts  have 
been  seriously  pui  forward  by  U.S.  nuclear  energy  technologists:  the 
molten  sail  brepder  reactor  (MSBR)  and  the  gas  cooled  fast  breeder 
realtor  (GFBR^. 

'Molten  Salt  Brooder  Roaotor  ( .1/^7? /?).— The  molten  salt  breeder 
reactor  is  a  concept  which  has  been  rlevelopcd  and  embodied  in  a  smuTl 
te^t  reactor  at  Oak  Ridge  National  Laboratory,  It  is  a  reactor  which 
operates  on  a  thorium  fuel  cycle  with  thermal  neutrons.  Tt  is  pro- 
moted   from   ;i    nc.ii-  breeder  to  breeder  status  by  bavins  its  fuel    in 

molten  form  mixed  wit]]  the  coolant.  This  makes  xi  possible  to  purify 
:md  recvele  the  fuel  continuously  thereby  keeping  neutron  captiirinflP 
impurities  at  a  lower  level  than  would  be  fea«ible  with  a  solid  fueled 
reactor.  Over  the  past  several  years  the  MSP»R  development  pro<yram 
has  been  maintained  ;>t  a  level  Buffieienl  to  condud  research  and  devel- 
opment  on  key  technical  problem--'  and  retain  the  MSBR  concept   as 
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a  potential  backup  to  solid  fuel  breeder  reactors.  [34]  In  the  admin- 
istration's proposed  fiscal  1977  budget  no  funds  are  included  for  the 
continuation  of  the  development  of  the  MSBR. 

Gas  Cooled  Fast  Breeder  Reactor. — This  is  a  concept  developed 
principally  by  the  General  Atomics  Co.  with  some  utility  and  Federal 
support.  The  idea  is  to  combine  the  helium  coolant  and  prestressed 
concrete  pressure  vessel  technology  developed  by  General  Atomics  for 
the  HTGR  with  the  LMFBR  fuel  technology  being  developed  by 
ERDA.  The  helium  coolant  of  the  GFBR  would  interfere  less  with 
the  passage  of  neutrons  from  fuel  rod  to  fuel  rod  in  the  reactor  core 
than  would  the  liquid  sodium  coolant  in  the  LMFBR.  As  a  result  the 
GFBR  would  have  a  somewhat  higher  breeding  ratio.  The  GFBR 
would  have  the  safety  disadvantage,  however,  that  its  coolant  would 
be  under  high  pressure  and  would  consequently  be  expelled  in  case  of 
a  rupture  in  the  pressure  vessel. 

Currently  the  LMFBR  concept  is  receiving  the  overwhelming  per- 
centage of  breeder  reactor  development  funding,  both  in  the  United 
States  and  elsewhere.  Some  experts  have  suggested  that  it  may  prove 
to  be  a  false  economy  not  to  have  developed  more  aggressively  an 
alternative  breeder  concept  if  the  LMFBR  development  program 
produces  a  reactor  which  is  either  not  sufficiently  safe  or  economic 
or  if  the  plutonium  economy  proves  to  be  unacceptable  for  either  en- 
vironmental or  safeguards  reasons.  In  such  a  case  a  thermal  breeder 
reactor  or  near  breeder  based  on  the  thorium  economy  would  diifer  in 
enough  respects  from  the  LMFBR  so  that  it  might  not  encounter  the 
same  objections. 

V.  Economics 

A  breeder  system  reactor  would  only  require  about  2  percent  as  much 
uranium  to  be  mined  as  a  light-water  reactor  per  kilowatt-hour  of 
energy  generated.  The  fact  that  this  would  stretch  U.S.  uranium  re- 
sources has  already  been  mentioned.  It  would  also  be  an  economic  ad- 
vantage, however,  which  would  increase  as  high-grade  uranium  ores 
became  depleted  and  the  price  of  uranium  increased. 

On  the  other  hand,  the  capital  costs  for  LMFBR's  would  probably 
be  higher  than  those  of  a  light-water  reactor.  (See  app.  F.)  Dr.  John 
J.  Taylor,  then  vice  president  and  general  manager  for  Advanced 
Xuclear  Energy  Systems  at  the  Westinghouse  Electric  Corp.,  the 
prime  contractor  for  the  Clinch  River  LMFBR  demonstrator  reactor 
told  the  subcommittee  on  June  6,  1975,  that  he  believed  that  a  com- 
mercial LMFBR  in  1990  would  have  a  plant  capital  cost  than  a  water 
reactor  of  equivalent  capacity  $125  higher  per  kilowatt  generating  ca- 
pacity— 1982  dollars.  [35]  Similar  conclusions  had  been  arrived  at  by 
the  Studies  and  Evaluation  Group  of  Oak  Ridge  National  Laboratorv. 
[36] 

In  order  for  the  first  LMFBR's  to  be  a  commercial  success,  it  would 
be  necessary  for  their  capital  cost  disadvantage  to  be  made  up  by 
savings  in  fuel  costs.  The  subcommittee  heard  testimony  from  Dr. 
Thomas  R.  Stauffer,  an  economist  at  Harvard  Lmiverslty,  on  this 
point.  [37]  Stauffer  presented  a  preview  of  an  analvsis  of  the  economics 
of  the  LMFBR  done  by  himself,  R.  S.  Palmer  "(General  Electric). 
and  H.  L.  Wycoff  (Commonwealth  Edison  Co.)  for  the  Breeder 
Reactor  Corp.  [38]  This  analysis  calculates  the  allowable  cost  capital 
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differentials  between  an  LMFBR  and  an  LWE  for  different  prices 
of  uranium  oxide  (U308).  Working  in  1975  dollars  Stauffer,  and 
others,  conclude  that,  for  U3Os  cost  averaging  $20  per  pound  over 
the  30  year  lifetime  of  an  LWE.  an  LMFBR  would  be  competitive 
if  its  capital  costs  per  unit  capacity  did  not  exceed  those  of  the  LWR 
by  more  than  approximately  $115  per  kilowatt  generating  capacity. 
For  $60  per  pound  LT308  the  corresponding  capital  cost  differential 
went  up  to  approximately  $290.  This  analysis  is  generally  more  favor- 
able to  the  LMFBR  than  a  previous  analysis  [39 J— apparently  because 
of  different  assumptions  concerning  the  discount  rates  and  relative 
effects  of  inflation  on  capital  and  fuel  costs.  The  average  costs  of 
U308  in  1974  was  approximately  $8  per  pound.  [40]  The  future  price 
will  depend  upon  the  size  of  the  resource  base,  the  rate  at  which  it  is 
consumed  and  the  competitiveness  of  the  market.  As  has  already  been 
noted,  ERDA's  current  estimate  is  that  the  U.S.  resource  of  U308  at 
prices  of  less  than  $15  forward  cost  per  pound  is  approximated  2  mil- 
lion tons.  [41]  This  would  sustain  an  LWR  capacity  large  enough  to 
Erovide  all  the  electric  power  currently  consumed  in  the  United 
tates  for  over  30  years.  [42]  If  the  nuclear  sector  should  grow 
rapidly  beyond  this  capacity,  as  is  projected  by  ERDA,  then  the  2 
million  tons  would  be  exhausted  more  quickly. 

VI.  LMFBR  Program  Management 

The  management  record  of  the  AEC  (now  ERDA)  in  the  LMFBR 
development  program  has  been  plagued  by  cost  overruns,  schedule 
slippages,  and  other  indications  of  management  difficulties.  The 
following  notable  examples  will  give  the  flavor : 

The  estimated  cost  of  the  fast  flux  test  facility  has  climbed  from 
$87.5  to  $622  million  in  7  years  while  its  capabilities  have  been  reduced 
and  the  projected  completion  date  has  slipped  by  5  years. 

The  capabilities  of  the  sodium  pump  test  facility  were  cut  back 
in  1072  when  its  cost  estimates  rose  from  $6.8  million  to  $25.2  million. 
Xow  ERDA  is  redesigning  the  facility  to  have  increased  capabilities 
again  for  a  total  ultimate  cost  est  [mated  currently  at  $57.2. 

The  Clinch  River  demonstration  breeder  reactor  was  originally 
supposed  to  be  a  demonstration  commercial  reactor  whose  costs  were 
to  be  shared  approximately  equally  by  the  utilities  and  the  Federal 
Government.  In  )i  years  the  project  1ms  slipped  l>v  8  years,  the  esti- 
mated cost  has  increased  by  150  percent  to  $1.7»'>C>  billion,  and  the 
Federal  Government  has  assumed  all  the  cost  overruns.  (See 
app.G.) 

Obviously  improvements  in  the  management  of  the  LMFBR 
program  are  called  for  and  changes  have  been  made : 

1.  In  November  L975  the  responsible  Division  of  Reactor  Research 
and  Development  (RRD)  was  reorganized  to  have  a  structure  reflect- 
ing the  various  development  projects  and  "to  give  individual  assistant 
directors  more  direct  authority,  "  1 43 1  over  these  projects. 

&.  In  IDT.")  FKDA  implemented  a  new  management  control  system 
which  "is  intended  to  provide  increased  visibility  and  better  control 
over  RRD  programs."  |43] 

At  the  same  time  problems  persist  in  the  management  of  the  Clinch 
River  breeder  reactor  project  where  the  past  arrangements  have  been 
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termed    "complex    and    potentially    cumbersome"    by    GAO     (See 
app.  G.) 

VII.  The  Hole  or  the  Clinch  River  Breeder  Demonstration  Reac- 
tor and  Succeeding  "Near  Commercial"  Breeder  Reactors  in 
ERDA's  LMFBR  Development  Program 

The  Clinch  River  demonstration  breeder  reactor  (CRBR)  project 
is  currently  the  focus  of  ERDA's  LMFBR  development  program.  The 
purpose  of  this  project  is  not  entirely  unambiguous,  however. 

The  basic  technology  of  the  CRBR  is  the  same  as  that  developed 
for  the  fast  flux  test  facility  being  constructed  by  ERDA  at  the 
Hanford  Engineering  Laboratory  but  the  CRBR  differs  from  the 
FFTF  in  three  basic  respects : 

1.  Scale. — The  thermal  power  generated  by  the  CRBR  will  be  975 
megawatts  versus  400  megawatts  for  the  FFTF  and  3,800  megawatts 
for  the  commercial  LMFBR's  projected  by  ERDxl.  [44]*  The  CRBR 
therefore  represents  a  stepping  stone  in  the  scale-up  of  the  LMFBR, 
technology  to  commercial  size. 

2.  The  FFTF  is  not  designed  to  generate  electrical  power. — The 
heat  generated  by  the  FFTF  will  be  rejected  directly  to  atmosphere 
through  cooling  towers  whereas  that  produced  by  the  CRBR  will  be 
used  to  produce  high-pressure  steam  which  will  in  turn  drive  a  turbo- 
generator with  a  full  power  electrical  output  of  350  megawatts.**  The 
CRBR  therefore  requires  the  development  of  steam  generators  in 
which  the  heat  from  molten  sodium  is  transferred  to  water  and 
converts  it  into  high-pressure  steam. 

3.  The  FFTF  is  not  designed  to  breed. — The  Clinch  River  reactor 
core  will  be  surrounded  by  rods  of  depleted  uranium  oxide  taken  from 
the  tailings  of  ERDA's  uranium  enrichment  plants.  It  is  these  blanket 
rods  that  many  of  the  extra  neutrons  from  the  reactor  core  will  con- 
vert uranium-238  into  uranium-239  which  will  then  be  transformed 
by  two  successive  radioactive  decays  into  plutonium-239.  The  FFTF 
will  not  have  this  blanket  and  will  consequently,  unlike  the  CRBR, 
not  produce  more  plutonium  than  it  consumes. 

Thus  it  appears,  that,  although  the  basic  nuclear  technology  of  the 
CRBR  will  be  little  different  from  the  FFTF,  the  CRBR  will  be  a 
complete  electrical  powerplant  which  can  in  principal  be  scaled  up  by 
another  factor  of  four  to  commercial  size. 

According  to  ERDA's  LMFBR  program  review  group,  the  CRBR 
will : 

1.  Provide  a  step  in  the  scale-up  of  LMFBR  technology,  and 
the  accompanying  scale-up  in  industrial  capability.  This  will  be 
particularly  so  for  those  features  outside  of  the  reactor  core. 

2.  Provide  a  demonstration  of  LMFBR  powerplant  operation 
in  a  utility  environment,  and  technical  information  on  system  por- 

*The  power  of  electrical  powernlants  Is  usually  given  in  terms  of  electrical  mesawaKs. 
Because  the  heat  generated  by  the  FFTF  is  dumped  to  the  atmosphere  through  cooling- 
towers,  that  is.  not  converted  to  electricity  ;  we  quote  the  thermal  outputs  here.  Due  to  con- 
version inefficiencies,  the  electrical  output  of  a  powerplant  is  usually  about  a  factor  of 
three  smaller  than  its  thermal  output. 

**This  number  is  to  be  compared  with  the  electrical  capacities  of  approximated  1.000 
megawatts  of  light  water  cooled  nuclear  powerplants  coming  on  line  in  1075  and  the 
electrical  capacity  of  approximately  1,500  megawatts  projected  by  ERDA  for  earlv 
commercial  LMFBR's. 
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formance.  safety,  fuel  performance,  reliability,  maintainability, 
and  the  implications  of  utility  operations. 

3.  Provide  information  and  training  for  utilities  at  all  levels 
of  their  Organization  and  provide  for  the  infusion  of  the  utilities' 
expertise  into  the  design,  development,  and  operation  of  an 
LMFBR  powerplant. 

4.  Provide  information  on  and  experience  with  the  issues  as- 
sociated with  licensing  a  new  tvpe  of  powerplant.  [4.")] 

One  thing  that  the  CRBR  will  not  prove  is  that  LMFBK's  will  be 
economic.  According  to  the  analysis  of  the  reactor  manufacturer, 
Westinghouse,  as  presented  by  Dr.  John  J.  Taylor,  then  vice  president 
and  ofeneral  manager  of  "Westin^housc's  Advanced  Nuclear  Systems 
Division,  the  cost  of  the  CRBK  plant  (that  is.  not  including  the  cost  of 
the  associated  K.  &  D.  program)  in  11)74  dollars  will  be  $832  million, 
about  twice  as  much  as  a  light-water  reactor  with  three  times  the  elec- 
trical generating  capacity  of  the  CRBR.  Dr.  Taylor  argued  on  the 
basis  of  Westinghonse  analysis,  however,  that  the  costs  of  succeed in<r 
plants  per  kilowatt  generating  capacity  would  fall  dramatically  with 
increasing  size  and  evolutionary  development  as  has  been  the  case 
with  light-water  reactors.  [46]  During  the  transition  period  Federal 
suhsidies  would  presumably  be  required. 

ERDA  has  recognized  this  last  fact  and  envisions  in  its  LMFBR 
development  program  one  or  more  federally  subsidized  "near  com- 
mercial breeder  reactors"  (NCBR?s)  as  successors  to  the  CRBR.  A 
GAO  report  cites: 

"ERDA  officials  (who)  told  us  that  in  the  past  under  the  (TAVR) 
power  demonstration  plant  program,  AEC's  approach  was  to  provide 
Funds  for  follow-on  plants  until  their  power  costs  became  competitive 
with  then  available  power  sources. "  \17~\ 

Despite  this  expectation,  ERDA  has  included  onlv  $300  million  in 
its  projected  LMFBR  development  program  for  subsidies  for  NCBR's. 

1  "I 

As  has  already  been  noted,  the  economics  o1  the  LMFBR  depend 

sensitively  on  the  future  price  of  uranium  which  depends  in  turn  upon 
the  future  rate  of  growth  of  nuclear  power  and  on  U.S.  uranium  re- 
sources— both  of  which  are  quite  uncertain.  In  view  of  these  uncer- 
tainties, it  would  he  desirable  to  have  a  good  deal  of  flexibility  in  the 
timing  of  the  LMFBR  development  program.  Unfortunately  such  a 
flexibility  will  become  more  and  more  difficult  to  achieve  ;is  the  pro- 
pram  progresses.  If  uch  of  the  thrust  of  the  LMFBR  development  pro- 
gram is  directed  toward  developing  an  industrial  capabilitv  in  those 
areas  of  technology  oninue  to  the  LMFBR.  Bui  this  capability  will 
"nt  be  maintained  without  orders  and  orders  will  not  occur  if 
LMFBR's  are  not  built.  It  will  therefore  become  more  and  more  diffi- 
cult ms  the  LMFBR  program  proceeds  Co  postpone  the  n«>\<  steo  to- 
ward  commercialization  without  imperiling  the  entire  LMFBR  de- 
velopment program  even  if  lower  electric  energy  growth  rates;  terser 
unmiuin  resources,  or  higi  LMFBU  capital  costs  appear  to  justify 
postpone^  f  commercialisation  by  a  decade  or  more, 

Difficulties  of  this  sort  have  already  been  encountered  as  a  result  of 
slippage  of  the  CRBR  schedule.  fr\  early  1975,  the  two  companies 
which  are  fabricating  the  first  two  FFTF  reactor  enres  were  expected 
to  complete  their  work  by  midsummer.  Fuel  for  the  CRBR  would 
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not  have  to  "be  ordered  until  late  1978.  In  the  absence  of  other  work  for 
ERDA  during  the  interim  it  appeared  that  both  companies  would 
shut  down  their  facilities  and  they  told  GAO  that  they  would  prob- 
ably not  reenter  the  field  later  when  their  services  were  required. 
EKDA  was  therefore  planning  to  order  two  more  FFTF  cores  from 
one  of  the  companies  to  tide  it  over.  Even  with  this  strategem  ERDA 
would  become  dependent  on  one  supplier — a  situation  which  the  AEC 
had  assiduously  attempted  to  avoid  in  the  past.  [49] 
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Appendix  A 

THE    URANIUM    CONSERVATION    VALUE    OF    A    BREEDER    REACTOR 

The  heavy  elements  uranium  and  thorium  contain  in  their  atomic- 
nuclei  enormous  amounts  of  stored  energy.  One  pound  of  any  of  these 
elements  carries  approximately  as  much  releasable  energy  as  2,000  tons 
(4  million  pounds)  of  coal. 

This  energy  is  releasable  by  any  process  which  causes  the  atomic 
nuclei  of  these  elements  to  divide  or  "fission."  The  process  is  used  in 
nuclear  reactors  and  nuclear  bombs  is  the  "chain  reaction,"  a  process 
in  which  a  neutron  released  from  the  fission  on  one  heavy  nucleus 
causes  another  heavy  nucleus  to  fission  and  so  on. 

Only  one  naturally  occurring  isotope  has  been  found  to  sustain  such 
a  chain  reaction,  the  rare  isotope  uranium-235  which  makes  up  0.7. 
percent  of  naturally  occurring  uranium.  The  more  abundant  isotopes 
uranium-238  (99.3  percent  of  naturally  occurring  uranium)  and 
thorium-232  (100  percent  of  naturally  occurring  thorium)  can  be  con- 
verted into  chain  reacting  isotopes  (plutonium-239  and  uranium-233 
respectively)  under  neutron  bombardment  in  nuclear  reactors,  how- 
ever. For  this  reason  they  are  called  "fertile"  isotopes.  Current  com- 
mercial nuclear  power  reactors  are  rather  inefficient  in  this  conversion 
process  and  only  convert  approximately  one  fertile  atom  into  a  fissile 
atom  for  every  two  chain  reacting  atoms  consumed.  The  result,  is  that 
current  reactors  can  make  available  approximately  equal  amounts  of 
energy  from  the  rare  uranium-235  isotope  and  from  the  much  more 
abundant  uranium-238  or  thorium-232  isotopes. 

In  a  breeder  reactor  the  ratio  of  the  number  of  fertile  atoms  con- 
verted to  chain  reacting  atoms  per  chain  reacting  atom  consumed 
would  be  raised  above  unity,  that  is  it  would  "breed"  more  chain  re- 
acting atoms  than  it  consumed.  The  result  would  be  that  virtually  all 
of  the  energy  stored  in  the  fertile  atoms  would  become  available  (aside 
from  a  few  tenths  of  percents  processing  losses)  and  a  pound  of  ura- 
nium or  thorium  would  become  in  practice  the  energy  equivalent  of 
1,000  tons  of  coal. 

(21) 


Appendix  B 

ISSUES  RELATED  TO  ENVIRONMENTAL  CONTA^ITNATION  BY  PLUTONIU^I 
AND    OTHER    TRANSURANIC    ELEMENTS 

Plutonium  and  other  "transuranic  elements,"  (most  importantly 
amerieium  and  curium)  are  produced  in  nuclear  reactors  by  a  com- 
bination of  neutron  capture  and  radioactive  transformation.  Many  of 
the  isotopes  of  these  elements  have  long  lives  (plutonium-239,  24,000 
years;  piuionium-240,  6,600  years;  americium-241,  460  years;  plu- 
tonium-238, 90  years). 

The  characteristic  radiation  of  the  transuranics  ("alpha-rays")  is  so 
short  ranged  that  it  cannot  penetrate  the  skin.  These  elements  there- 
fore do  not  represent  a  serious  hazard  to  man  when  outside  the  body. 
They  are  also  not  ordinarily  absorbed  easily  through  the  wall  of  the 
gastrointestinal  tract  when  ingested  in  food.  The  primary  concern 
therefore  is  with  the  consequences  of  the  inhalation  of  transuranic 
elements — and,  in  fact,  plutonium  has  been  observed  to  give  lung  can- 
cer to  experimental  animals  when  inhaled  in  very  small  quantities.  In 
an  experiment  with  beagle  dogs,  for  example,  virtually  all  of  the  ani- 
mals were  found  to  die  from  cancer  after  the  inhalation  of  amount-  of 
plutonium--239  down  to  approximately  50  billionths  of  a  kilogram 
of  plutonium  per  kilogram  of  (bloodless)  dog  lung.1  Experiments 
with  lower  doses  are  in  progress.  Scaling  50  billionths  of  a  kilogram  of 
plutonium-239  per  kilogram  of  lung  to  an  average  human  lung  mass 
of  0.6  kilograms2  yields  approximately  30  billionth.-  of  a  kilogram 
of  plutonium-239.  On  the  basis  of  the  dog.  other  animal  experiment-, 
and  experiences  with  the  production  of  lung  cancer  in  human-  with 
other  forms  of  radiation,  the  environmental  impact  statement  for  the 
LMFBB  development  program  assumes  that  on  the  order  of  this  much 
plutonium-239  inhaled  into  and  retained  for  a  period  of  a  year  or  two 
the  human  lung  will  result  in  a  cancer.1 3  To  extend  this  risk  esti- 
mates to  the  estimation  of  risks  for  populations,  it  is  ordinarily  as- 
sumed that  approximately  the  same  amount  of  plutonium  distributed 
between  the  lungs  of  a  number  of  persons  will  result  in  one  lung 
cancer — even  though  the  risks  to  the  individuals  in  the  population 
would  be  reduced  as  the  dose  which  they  received  was  reduced. 

The  risk  associated  bv  ERDA  with  plutonium  inhalation  has  been 
criticized  bv  some  scientists  who  argue  that  it  could  be  factors  of 
hundreds  to  hundreds  of  thousands  times  higher.45  This  is  ob- 
viously nn  important  dispute  and  it  should  he  resolved  with  the  ut- 
most urgency. 

i  WASH   1535.  p.  Tt.O  57   (1974). 
i  n.i.r.  p.    n  •' 

•    . !       p      17     1" 

t  thi.l  .  T,r».  V  6   1  <T..  VT.8fl  4  fT. 

1  n  W    Gofman,  The  dancer  Hazard  (row  TnhaM  Plutonium  (Committee  for  Nuclenr 
QBlblllty,  Ban  Tranelaco,  CNB,  L975-IB.1975.) 
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Even  if  it  were  possible  to  determine  unequivocally  the  risk  asso- 
ciated with  the  inhalation  of  a  given  amount  of  plutonium  or  other 
radioactive  isotopes,  it  would  still  be  necessary  to  estimate  the  proba- 
bility of  receiving  such  a  dose.  In  the  environmental  impact  statement 
for  the  LMFBR  development  program  the  AEC  estimated  an  annual 
release  of  less  than  one-millionth  of  a  kilogram  of  plutonium-239  from 
the  LMFBR  fuel  cycle  per  1,000  megawatt  reactor.6  This  cor- 
responds to  a  release  of  approximately  1  in  a  billion  of  the  plutonium 
atoms  flowing  through  the  fuel  cycle.  With  this  and  correspondingly 
small  releases  of  the  other  long-lived  transuranic  isotopes,  ERDA 
estimated  that  at  most  a  few  persons  would  die  as  the  result  of  the 
inhalation  of  radioactivity  generated  from  the  operation  for  a  year 
of  an  LMFBR  economy  equivalent  to  2,200  1,000-megawatt  plants 
postulated  for  the  year  2020.7 

The  containment  estimated  in  the  AEC  report  has  been  regarded 
with  skepticism  in  some  other  quarters.  For  its  own  purposes  the  En- 
vironmental Protection  Agency  has  assumed  release  fractions  for 
plutonium  and  other  transuranic  elements  up  to  one-millionth  and 
calculates  that  in  this  case  the  operation  of  the  proposed  LMFBR 
economy  in  the  year  2020  would  cause  approximately  1,000  extra  lung- 
cancer  deaths  annually.8  Although  undesirable,  this  would  still 
hardly  be  considered  "catastrophic"  in  comparison  to  the  approxi- 
mately 100,000  lung  cancer  deaths  currently  occurring  annually  in  the 
United  States.  A  large  increase  in  this  rate  would  only  result  for  much 
larger  release  rates  for  the  transuranic  elements  or  if  their  carcino- 
genicity has  been  grossly  underestimated  as  some  scientists  have  sug- 
gested.* 5  9 

e  WASH-1535,  pp.  II.4.7-2  ff.  (1974). 
'  Ibid.,   p.   4-7-17. 

8  EPA,  "Environmental  Radiation  Dose  Commitment :  An  Application  to  the  Nuclear 
Power  Industry"'  EPA-5 20/4-73-002  (1974),  p.  24. 

9  Karl  Z.  Morgan,  Chairman  of  the  Internal  Dose  Committees  of  both  the  International 
Commission  on  Radiological  Protection  and  the  National  Council  on  Radiation  Protection 
from  1940  to  1973  has  recently  proposed  that  maximum  permissible  body  burdens  for 
plutonium-239  promulgated  by  these  groups  be  reduced  by  a  factor  of  240  based  on  errors 
in  estimating  the  radiation  doses  to  critical  bone  tissues.  (Karl  Z.  Morgan,  "Suggested 
Reduction  of  Permissible  Exposure  to  Plutonium  and  Other  Transuranium  Elements," 
"Journal  of  American  Industrial  Hygiene,"  August  1975). 


Appendix  C 

THE   RISK   OF  DIVERSION   OF  PLUTONIUM   TO  THE  ILLICIT  PRODUCTION   OF 

FISSION  EXPLOSIVES 

On  May  2,  1975.  Dr.  Theodore  Taylor,  coauthor  of  the  bookr 
"Nuclear  Theft:  Risks  and  Safeguards,"  in  testimony  to  the  sub- 
committee stated  that:  "Present  F.S.  physically  (sic)  security  applied 
to  special  nuclear  materials  for  civilian  purposes,  though  strengthened 
substantially  during  the  last  two  years  is  still  inadequate  to  prevent 
theft  by  determined  groups  having  resources  and  skills  similar  to  those 
that  have  been  used  for  successful  bank  robber.^  or  hijacking  of  valu- 
able shipments  in  the  past."1  He  then  went  on  to  outline  some  pos- 
sibilities for  improved  safeguards  which  the  Nuclear  Regulatory  Com- 
mission is  considering.  On  the  same  day  Dr.  Victor  (xilinsky.  a  member 
of  the  Xuclear  Regulatory  Commission  described  the  current  NRG 
regulations  for  the  safeguarding  of  plutonium  and  other  "weapons 
grade''  materials.  He  told  the  subcommittee  that:  "We  (the  XRC) 
are  trying  to  upgrade  the  present  safeguards  system  in  the  most  ef- 
fective way  possible.'" 2  He  informed  the  subcommittee  that  the  XRC 
is  conducting  a  broad  safeguard  study3  on  the  possibilities  as  well 
as  a  study  mandated  by  Congress  on  the  need  of  a  Security  Agency 
within  the  Commission. 

As  has  already  been  noted  above,  the  breeder  reactor  differs  quali- 
tatively from  the  water-cooled  nuclear  reactors  currently  in  use  in 
the  United  States — not  in  the  fact  that  it  produces  plutonium  but 
that  it  requires  the  recycle  of  the  produced  plutonium. 

A  1,000  MWe  U.S.  water-cooled  reactor  operating  at  65  percent 
average  capacity  factor  produces  approximately  200  kg.  of  plutonium 
each  year.4  A  liquid  metal  cooled  breeder  reactor  of  the  same  power 
and  with  the  same  average  capacity  factor  would  produce  between 

00  and  250  kg.5  These  figures  are  quite  comparable.  The  plutonium  in 
water  cooled  reactors  is  not  (currently  at  least)  being  extracted  from 
the  spent  fuel,  however,  while  the  plutonium  in  the  spent  fuel  from 
an  LMFBR  would  have  to  be  extracted  and  recycled  within  approxi- 
mately 1  year.  This  would  involve  the  recycle  of  approximately 
700  kg.  of  plutonium  each  year  into  the  breeder  reactor.*  Thus  the 
plutonium  processed  in  the  fuel  cycle  of*  a  single  breeder  reactor  in 

1  yen-  would   be  enough   for  the  fabrication  of  approximately   100 

1  Theodore  B.  Taylor,  Oversight  Hearing*  on  Nuclear  Energy  Pari  I,  lfaj  2  lorr. 
p.  BOB. 

-  Victor  Olllnskv.  ibid.,  Mny  2,  1075.  T>.  7o0. 

■  NRC  "Special  Safeguards  Study:  Scopes  of  Work  fNUREG   78  060,  ift7.~>. 
*Teknekron.   "Fuel   Cycles   for   Electrical   Power  Generation"    fRenorl    to  EPA     1073) 

■  WASH  1537,  "Liquid  Metal  Fail  Breeder  Reactor  Program."  iv  B  2.  The  range  eorre- 
spondi  to  b  breeding  ratio  of  1.16  for  an  "early  oxide"  Fueled  LMFBR  to  ;i  breeding  ratio 
of  1.46  for  nn  "advanced  carbide"  Fueled  LMFBR  with  "large  diameter  pin." 

•Thii  correeoondi  to  a  thermal  efficiency  of  J<>  percent,  th"  Flgnlon  Id  the  mro  of  th<* 
equlralenl  of  75  percenl  of  the  plutoniqm  atome  Initially  loaded  Into  tii<>  core  and  10" 
percent  of  the  power  coming  from  fiasloni  of  "bred"  plutonium  outside  the  core. 

(80) 
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fission  explosives  7  or,  if  released  into  the  environment  would  repre- 
sent a  severe  health  hazard. 


7  In  his  testimony  before  the  subcommittee  (ref  2),  Dr.  Victor  Gilinsky,  a  member  of 
the  Nuclear  Regulatory  Commission  stated  that,  "the  minimum  quantity  of  plutonium 
needed  for  a  comparatively  simple  nuclear  explosive  device  is  about  15  pounds."  This 
corresponds  to  approximately  7  kg. 


Appendix  D 

SAFETY   ADVANTAGES   AND   DISADVANTAGES   OF   THE   LMFBR 

Relative  to  water-cooled  reactors  the  LMFBR  has  both  safety  ad- 
vantages and  disadvantages. 

Among  the  advantages  is  the  fact  that  the  LMFBR  operates  well 
below  the  boiling  temperature  of  its  coolant.  This  means  that,  if  a 
pipe  were  to  break,  the  coolant  would  not  necessarily  be  lost.  In  con- 
trast, in  the  case  of  a  water-cooled  reactor  much  of  the  superheated 
water  would  turn  into  bubbles  of  steam  which  would  blow  most  of  the 
remaining  water  out  of  the  break. 

A  principle  safety  disadvantage  of  the  LMFBR  relative  to  water- 
cooled  reactors  is  the  fact  that  the  chain  reaction  in  an  LMFBR  does 
not  automatically  stop  when  the  coolant  starts  to  boil. 

The  chain  reaction  stops  in  the  water-cooled  reactor  because  the 
chain  reacting  uranium-235  atoms  are  so  diluted  (to  the  level  of  2 
to  4  percent)  by  uranium-238  atoms  in  the  fuel  that  a  neutron  must 
be  "moderated  or  slowed  down  by  collisions  with  the  hydrogen 
atoms  in  water  between  the  fuel  rods  before  it  has  a  good  probability 
of  being  captured  by  a  uranium-235  nucleus  causing  it  to  fission. 
When  the  water  si  aits  to  boil,  some  of  the  water  is  displaced  by 
bubbles,  its  moderating  effect  is  reduced  and  the  chain  reaction  dies 
down. 

In  contrast,  the  chain  reaction  in  an  LMFBR  is  propagated  by  fast 
"unmoderated"  neutron  and  the  fuel  has  a  correspondingly  higher 
ratio  {Vl  to  20  percent)  of  chain  reacting  atoms — in  this  case  mostly 
plutonium-239  and  plutonium-241. 

These  properties  of  an  LMFBR  core  are  intermediate  between  those 
of  a  water-cooled  reactor  and  the  core  of  a  fission  explosive.  Of  course, 
the  differences  from  a  fission  explosive  are  still  very  great:  In  a  fission 
explosive  the  enrichment  in  chain  reacting  nuclei  is  above  90  percent 
and  there  are  no  dibit  ants  corresponding  to  the  oxygen  in  the  fuel,  the 
steel  structural  materials,  or  the  sodium  coolant  which  typically  makes 

up  two-third-  of  the  volume  of  an  LMFBR  core.  Nevertheless,  if  a 
substantia]  fraction  of  an  LMFBR  core  were  to  melt,  there  is  the 
possibility  of  a  rapid  release  of  a  limited  amount  of  nuclear  energy. 
The  first  burst  of  energy  released  would  probably  be  sufficient  to 
disrupt  the  core  si  ructure,  but  not  enough  to  nipt  ure  the  reactor  pit  s- 
sure  vessel.  The  subsequent  development  of  the  meltdown  accident 
i-  less  clearly  understood,  however.  In  particular  it  is  important  to 
establish  that  there  will  not  he  later  bursts  of  nuclear  energy  suffi- 
cient  to  burst  the  reactor  pressure  vessel  ami  containment  building, 
opening  a  path  to  the  human  environment  for  the  intense  radio- 
activity in  the  reactor  core.  Finally  it  Is  important  to  establish  that 
eventually  the  molten  core  will  settle  down  into  a  form  which  is  suffi- 
ciently dispersed  so  that  the  chain  reaction  will  stop. 

(82) 


33 

It  is  interesting  to  note  in  this  connection  that  a  major  sticking 
point  in  the  discussion  between  the  NRC  and  ERDA  over  the  licensing 
of  the  Clinch  River  demonstration  LMFBR  stems  from  the  desire 
on  the  part  of  the  NRC  staff  that  a  "core  catcher"  be  installed  below 
the  reactor  core.  The  purpose  of  this  core  catcher  would  be  to  catch 
the  core  from  a  meltdown  accident  and  allow  it  to  settle  into  a  stable 
coolable  configuration.  The  position  of  the  ERDA  staff  in  this  dis- 
cussion is  that  the  control  system  which  inserts  neutron  absorbing 
rods  in  the  reactor  and  thus  terminates  the  chain  reaction  can  be 
made  so  reliable  that  no  meltdown  accident  could  possibly  occur.1 

A  final  safety  disadvantage  of  the  LMFBR  stems  from  the  fact  that 
the  liquid  sodium  coolant  reacts  energetically — even  explosively — 
upon  contact  with  air  or  water.  The  system  must  therefore  be  designed 
carefullv  to  avoid  such  contact. 


1  GAO,  "The  Liquid  Metal  Fast  Breeder  Reactor:  Promises  and  Uncertainties"  (1975)» 
p.  67. 
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URANIUM   CONSERVING   REACTORS   INTERMEDIATE   BETWEEN   LIGHT   WATER 
REACTORS  AND  THE  LIQUID  METAL  COOLED  FAST  BREEDER 

Canadian  Heavy  Water  Reactor  (CANDU). — The  direction  of 
U.S.  commercial  power  reactor  development  was  substantially  in- 
fluenced by  the  fact  that  the  United  States  provided  for  military  pur- 
poses during  World  War  II  and  the  years  immediately  thereafter  a 
large  capacity  for  the  enrichment  of  uranium  in  nranium-235.  This 
made  it  possible  to  develop  relatively  compact  nuclear  reactors.  Cana- 
dian nuclear  development  was  similarly  influenced  by  the  construc- 
tion in  that  country  during  World  Wxar  II  of  facilities  for  the  pro- 
duction of  heavy  water.  (Heavy  water  is  H20  in  which  the  hydrogen 
has  been  replaced  by  heavy  hydrogen  of  deuterium  whose  abundance 
in  natural  hydrogen  is  only  0.015  percent.) 

The  advantage  of  heavy  hydrogen  for  nuclear  reactors  is  that  slow 
neutrons  can  travel  about  16  times  as  far  in  heavy  water  as  in  ordinary 
water  before  being  absorbed.  This  allowed  for  the  Canadians  to 
develop  commercial  reactors  in  which  the  neutron  losses  to  the  water 
wore  so  small  that  it  was  possible  to  use  natural  unenriched  uranium 
in  the  fuel. 

The  Canadian  heavy  water  reactor  (CANDU),  as  currently  oper- 
ated with  unenriched  uranium  fuel,  requires  the  mining  of  about. 
20  percent  less  uranium  ore  per  kilowatt-hour  generated  than  a  light 
water  cooled  reactor  (assuming  no  recycle  of  plutonium  in  either 
n)M\'  By  slightly  enriching  the  uranium  in  the  CANDU  the  savings 
could  l>o  increased  to  about  40  percent.  The  relative  advantage  of  the 
CANDU  with  unenriched  uranium  fuel  would  be  increased  still 
further  with  plutonium  and  uranium  recycle  in  both  reactor  types — 
to  about  a  factor  of  two. 

Thorium  Furl  Cycle. — "By  introducing  a  new  element,  thorium,  into 
the  fuel  of  many  types  of  reactors,  even  greater  conservation  of 
uranium  resources  can  be  achieved.  The  slowed  down  neutrons  which 
are  used  in  U.S.  light  water,  Canadian  heavy  water,  and  U.S.  high- 
temperature,  gas-cooled  reactors  are  more  effective  in  converting  fer- 
tile thorium-232  into  chain  reacting  uranium-223  than  they  are  in  con- 
verting uranium-238  into  chain  reacting  plutonium-239.  The  high- 
temperature  gas-cooled  reactor  (TTTCR)  developed  bv  General 
Atomic  Co.  in  the  United  States  is  in  fact  fueled  with  almost  pure 
uranium-235  and  thorium.  With  recycle  of  the  bred  uranium-233  it 
would  consume  approximately  30  percent  less  uranium  than  the  light- 
water  reactor.  With  fuel  changes  approximately  twice  as  frequent  as 

1  Tlm  roforonroc  for  tlm  omnium  ntlllc&tlon  flznros  n<mr5  In  +h!«  rtl«»rn«»«*1nn  nro  n*  foUOWi  ! 
lieri't  water  reactor  and  ht<;r  RRDA  1.  Attachment  5,  pmrc  17:  CANDU  J.  S  Foster 
:inrl  i;  Oritoph.  "Tho  Rtatni  of  tlm  Cnnnillnn  Nuclear  Cower  Proirram  'ind  Po«slh1<» 
Future    Rtratefrlefl/1    dlRCtlSfrfftD    naoer    nresentcd    for    tlm    Wlncrsprond    Conformed    on    Afl- 

rnnrod  Nuclear  Conrerteri  mid  Near  Breeder!,  Maj  141   10,  1975. 
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currently  considered  economically  optimal,  the  saving  with  the 
HTGK  could  be  increased  to  over  60  percent.  The  advantages  of 
using  the  CANDU  on  the  uranium-thorium  fuel  cycle  with  uranium  - 
233  recycle  are  similar :  approximately  70  percent  savings  relative  to 
the  light-water  reactors  operating  with  uranium  and  plutonium 
recycle. 


Appendix  F 

FACTORS    BEARING    ON    THE    CAPITAL    COST    DIFFERENCES    BETWEEN    LIGHT- 
WATER   COOLED   AND   LIQUID   METAL  COOLED  BREEDER  REACTORS 

Many  of  the  factors  which  bear  on  the  relative  capital  costs  of  the 
LMFBR  and  of  current  U.S.  reactors  stem  from  the  fact  that  the 
LMFBR  uses  a  liquid  metal  as  a  coolant  while  most  current  U.S. 
reactors  use  ordinary  light  water. 

The  use  of  a  liquid  metal  as  a  breeder  reactor  coolant  stems  from  the 
stringent  demands  which  breeding  puts  on  the  neutron  economy  of  the 
reactor.  Upon  fissioning  a  chain  reacting  nucleus  releases  on  the  aver- 
age between  two  and  three  neutrons.  One  of  these  neutrons  on  the  aver- 
age must  cause  the  fission  of  another  nucleus  so  as  to  continue  the  chain 
reaction.  In  order  for  breeding  to  occur,  that  is  in  order  to  get  a  net 
increase  in  the  amount  of  chain  reacting  material  in  the  reactor,  it  is 
necessary  for  at  least  one  of  the  remaining  neutrons  to  convert  a  fertile 
nucleus  into  a  new  chain  reacting  nucleus.  Thus,  on  the  average,  at 
least  two  of  the  neutrons  released  in  a  fission  process  have  to  be  utilized 
profitably  in  a  breeder  reactor  and,  since  less  than  three  are  released  in 
the  first  place  very  little  wastage  of  neutrons  can  be  allowed. 

One  of  the  ways  in  which  the  neutron  economy  of  a  breeder  reactor 
is  optimized  is  by  adjusting  the  speed  of  the  neutrons  causing  the  fis- 
sions so  that  the  maximum  number  of  neutrons  are  released  per  neutron 
captured  in  the  chain  reacting  fuel.  For  a  breeder  based  on  the  fission 
of  plutonium,  as  is  the  LMFBR,  this  ratio  is  maximized  when  the 
neutrons  lose  as  little  energy  as  possible  between  their  emission  and 
absorption.  The  reactor  must  be  designed,  therefore,  so  that :  (1)  a  neu- 
tron in  the  chain  reaction  should  bounce  off  as  few  atoms  as  possible 
between  the  fission  even!  which  produces  it  and  that  which  it  causes 
in  turn,  and  (2)  the  neutron  loses  as  little  energy  as  possible  in  each 
collision  that  it  does  undergo. 

Both  of  these  conditions  are  met  using  a  liquid  metal  coolant:  (1) 
such  a  coolant  is  much  more  effective  than  water  in  removing  heat  from 
the  sin  laces  of  the  fuel  —consequently  the  fuel  rods  can  be  packed 
closer  together  in  the  coolant  and  a  neutron  going  from  one  fuel  rod 
to  another  has  to  penetrate  fewer  coolant  atoms.  (2)  The  light  neutron 
will  lose  much  less  energy  in  a  collision  with  a  heavy  metal  atom  be- 
cause that  atom  unlike  the  light  hydrogen  atom  in  water — will 
hardly  recoil  at  all.  Molten  sodium  has  been  selected  as  the  coolant  for 
the  LMFBR 

Sodium  has  both  economic  advantages  and  disadvantages  relative 
to  water  a-  a  coolant.  Eta  advantages  stem  primarily  from  its  high  boil- 
ing point.  L,62(V  i\  One  consequence  is  that  it  is  possible  to  operate 

the   reactor  at    low   pressure — unlike  water-cooled  reactors  where  the 
water  is  kept  at  very  high  pressures  (up  to  2,500  pounds  per  square 

inch  )  SO  t  hat  it  may  he  superheated  to  temporal  nres  where  conversion 
Of  heat  into  elect  rical  energy  is  relatively  efficient.  With  a  low-pressure 
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system  the  tanks  and  pipes  which  constitute  the  reactor  plumbing  can 
be  designed  with  thinner  walls  and  quality  standards  are  less  critical 
to  public  safety. 

Another  advantage  of  the  high  boiling  point  of  sodium  is  that  it 
becomes  possible  to  operate  the  reactor  at  higher  temperatures  than 
water-cooled  reactors  which  operate  at  between  500  and  600°F. 
LMFBR's  would  probably  heat  their  sodium  coolant  to  temperatures 
of  the  order  of  1,000°F  which  would  give  them  a  thermal  conversion 
efficiency  of  about  40  percent — considerably  higher  than  the  33  percent 
being  achieved  by  water-cooled  reactors.  The  higher  thermal  efficiency 
of  the  LMFBR  would  result  in  cost  savings  because  a  smaller  turbine, 
less  cooling  water,  smaller  cooling  towers  et  cetera  are  required  per 
unit  power  output  as  the  thermal  efficiency  increases. 

The  economic  disadvantages  of  sodium  as  a  coolant  stem  primarily 
from  it  having  the  unfortunate  property  of  burning  vigorously — even 
explosively — if  it  comes  into  contact  with  air  or  water.  As  a  result, 
elaborate  arrangements  are  required  when  loading  or  unloading  the 
fuel  in  the  reactor  or  performing  other  required  maintenance  opera- 
tions to  insure  that  air  does  not  obtain  access  to  the  sodium.  Since  the 
LMFBR  is  designed  to  have  a  steam  driven  turbine-generator  system 
for  converting  the  heat  in  the  sodium  to  electrical  energy,  great  care 
is  also  required  to  prevent  leakage  between  the  sodium  and  water  sides 
of  the  steam  generators.  In  the  current  designs  the  heat  is  transferred 
first  from  the  radioactive  sodium  which  cools  the  reactor  to  nonradio- 
active sodium  and  then  to  the  water.  In  this  way,  if  a  sodium-water 
fire  should  occur,  at  least  it  won't  involve  the  highly  radioactive  pri- 
mary coolant. 

There  is  some  question  as  to  whether  the  economic  advantages  would 
outweigh  the  disadvantages  of  sodium  as  a  coolant  over  the  long  term. 
The  balance  will  be  determined  in  part  by  whether  it  is  decided  in  the 
future  that  current  designs  are  overly  conservative  in,  for  example,  the 
degree  of  separation  between  the  steam  generator  and  the  primary 
sodium.  In  the  short  term,  however,  it  appears  clear  that  the  capital 
costs  for  the  LMFBR  would  be  higher  than  those  for  water-cooled 
Teactors. 


Appendix  G 

SOME    MANAGEMENT    PROBLEMS    IN    THE    LMFBR    DEVELOPMENT    PROGRAM 
AS    DOCUMENTED    IN    GAO    REPORTS 

Fast  flux  test  facility. — The  FFTF  is  a  nuclear  reactor  being  built 
at  ERDA's  Hanford  Engineering  Development  Laboratory  in  Wash- 
ington State.  In  many  ways  it  is  the  precurser  of  the  demonstration 
breeder  reactor  which  ERDA  plans  to  build  on  the  Clinch  River  in 
Tennessee — whose  design  is  in  fact  in  aood  part  based  on  that  of  the 
FFTF.  The  FFTF  will  be  a  reactor  with  about  40  percent  of  the  ther- 
mal power  of  the  Clinch  River  reactor  designed  to  test  the  properties 
of  breeder  fuel  and  materials  under  LMFBR  operating  conditions.1 
According  to  a  1975  GAO  review  of  the  FFTF  program : 

AEC's  initial  cost  estimate  ($87.5  million)  at  project  authorization  was  ba^ed 
upon  several  contractor-prepared  conceptual  design  cost  studies.  In  December 
196S,  AEC  approved  a  changed  core  concept  .  .  .  The  initial  estimate  was  de- 
pendent upon  the  use  of  several  components  already  proven  in  a  sodium  reactor 
environment.  Because  off-the-shelf  items  were  not  available,  however.  AEC  sub- 
sequently was  required  to  establish  or  reestablish  an  industrial  capacity  for 
manufacture  of  components  of  (sic)  high  temperature  sodium  service  and  to 
develop  new  nuclear  industry  standards  for  these  new  higher  temperatures. 

Several  major  components  and  facilities  included  in  the  conceptual  design 
studies  were  deferred  or  deleted  from  the  project  and  numerous  consolidations 
and  simplifications  were  made  .  .  . 

In  July  1970  AEC  presented  to  the  Joint  Committee  a  start  of  const  ruction 
capital  cost  estimate  of  $102.8  million  .  .  . 

On  January  29,  1973,  AEC  advised  the  Joint  Committee  it  was  increasing  the 
construction  cost  estimate  from  $102.8  to  $187.8  million  .  .  . 

In  a  letter  of  April  4,  1973  to  AEC's  general  manager,  the  Joint  Committee's 
Executive  Director  stated  that  the  total  costs  associated  with  construction  of  the 
FFTF  appear  significantly  greater  than  those  which  were  included  in  the  budget 
data  on  the  construction  project.  He  was  also  of  the  opinion  that  the  Commission 
had  not  fully  and  promptly  advised  the  committee  of  the  changing  cost  estimates, 
schedule  delays  and  other  factors. 

AEG  was  then  requested  by  the  Joint  Committee  to  provide  a  current  estimate 
of  all  costs  associated  with  the  FFTF,  including  those  in  the  operating  budget, 
as  well  as  any  plant  and  equipment  obligations  .   .   . 

On  -May  17,  1!>7.V»,  for  the  lirst  time  A.BC  provided  the  Joint  Committee  with  a 
cost  estimate  in  one  place  for   the   entire    FFTF   program — $309  million  .   .   .* 

On  March  11.  1975,  Thomas  A.  Nemzek,  ERDA's Director,  Division 
of  Reactor  Research  and  Development,  told  the  Joint  Commit  tee : 

A  change  is  not  being  proposed  In  the  official  ERDA  estimate  of  FFTF  project 
cost  $630  million  .  .  .  al  this  time.  However  the  project  is  experiencing  sub- 
stantial inflationary  growth  .  .  .  On  the  basis  of  these  current  trends,  the  project 
is  forecasting  a  project  cost  of  $622  million .. ." 

The  GAO  review  commented  <>n  the  lateness  of  previous  cost  esti- 
mate increases  as  follows: 


1  Tbomai  A.  Nemzek,  Director,  Division  of  Reactor  Research  nnd  Development.  ERDA. 
Information  su pplemenl n ry  to  testimony  before  the  Joint  Committee  on  Atomic  Energy, 
Mar  oh  1  l.  L97B.  pp    5 ; 

■  c  \o  staff  study,  "Fast  Flux  Facility  Program,"  1975,  pp.  11    11. 

•  Ref.  1,  p.  57. 
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From  June  1970  until  January  1973,  AEC's  plant  and  capital  equipment  esti- 
mate held  at  $102.8  million.  On  January  29,  1973,  at  which  time  costs  totaling 
about  83  percent  of  the  $102.8  million  estimate  were  incurred  or  committed,  AEC 
told  the  Joint  Committee  that  it  was  increasing  the  FFTF  estimate  to  $187.9 
million  .  .  . 

In  November  1973,  at  the  request  of  the  AEC  Chairman,  AEC  and  FFTF  con- 
tractor officials  developed  a  revised  plant  and  capital  equipment  cost  estimate 
for  the  project  which  amounted  to  $420  million  ...  As  in  the  case  of  the  previous 
increase,  funds  equivalent  to  a  major  portion  of  the  existing  estimate  (76  percent) 
had  been  incurred  or  committed.* 

The  GAO  review  also  noted  that : 

The  FFTF  has  experienced  a  substantial  schedule  slippage.  In  March  1967, 
shortly  before  authorization  of  the  FFTF  projects,  AEC  informed  the  Joint  Com- 
mittee that  FFTF  construction  was  expected  to  start  by  June  1968,  and  that  full 
power  operation  would  begin  early  in  1974.  Because  of  considerable  delays  in  the 
conceptual  and  preliminary  design  effort,  however,  FFTF  construction  did  not 
actually  start  until  July  1970 — a  slippage  of  about  2  years,  AEC  headquarters 
officials  informed  us  that  achievement  of  the  full  power  operation  milestone  is 
not  now  expected  until  May  1979. 

At  start  of  FFTF  construction,  only  limited  detailed  design  effort  had  been 
accomplished  and,  since  that  time,  design  and  construction  have  been  accom- 
plished concurrently.6 

Despite  the  increase  in  estimated  costs  by  a  factor  of  7  and  slippage 
of  the  full  power  operation  date  by  5  years,  the  current  design  is  less 
flexible  than  that  originally  conceived  and  the  GAO  has  expressed 
concern  that  "these  changes  may  limit  the  number  and  type  of  experi- 
ments that  can  be  performed"  at  the  FFTF.6 

Sodium  pump  test  facility. — A  precedent  exists  in  another  LMFBR 
development  program  project  for  GAO's  concerns  about  the  ability  of 
the  redesigned  FFTF  to  accomplish  its  mission.  According  to  another 
GAO  report : 

The  construction  of  the  sodium  pump  test  facility  was  authorized  in  the  fiscal 
year  1968  budget.  The  estimate  presented  to  Congress  for  approval  at  that  time 
was  $6.8  million.  In  1969,  a  review  of  the  project  by  a  private  architect-engineer- 
ing firm  revealed  that  the  project,  with  its  then  current  scope,  would  cost  $25.2 
million. 

To  reduce  estimated  costs,  the  project  scope  was  then  revised  to  test  sodium 
pumps  having  a  capacity  of  about  one-third  the  size  of  those  initially  anticipated 
to  be  tested.  The  reduced  project  scope  resulted  in  a  cost  estimate  of  $12.5  mil- 
lion for  the  facility.  This  estimate  was  presented  to  and  approved  by  the  Con- 
gress as  part  of  AEC's  fiscal  year  1972  budget  request.  In  fiscal  year  1974,  this 
$12.5  million  estimate  was  again  revised  up  to  $17.5  million.  At  that  time,  AEC 
stated  that  the  reduced  capability  of  the  facility  would  not  adversely  affect  the 
capability  to  test  pumps  up  to  the  sizes  needed  for  use  in  the  foreseeable  future 
of  the  LMFBR  program. 

ERDA  is  presently  planning  modifications  to  this  facility  so  it  can  test  CRRR 
(Clinch  River  breeder  reactor) — size  pumps,  which  are  larger  than  the  pumps 
for  which  the  facility  is  presently  designed.  These  modifications  are  presently 
estimated  to  cost  $40  million,  increasing  the  project's  total  cost  to  $57.5  million.7 

To  test  full  size  plant  components  with  sodium,  ERDA  has  recently 
added  to  the  LMFBR  program  a  plant  component  test  facility  which 
is  currently  estimated  to  cost  about  $200  million  and  is  planned  for 
operation  in  the  early  1980's.8 

*Ref.  2,  pp.  17,  18. 
"  Ref.  2,  p.  19. 
0  Kef.  2,  p.  -22. 

7  OAO  Report  to  the  Congress,  "The  Liquid  Metal  Fast  Breeder  Program — rast,  Present, 
and  Future,"  pp.  23-26. 

8  Ref.  7,  p.  21. 
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Clinch.  River  brerchr  reaetor. — The  OTCBR  is  supposed  to  be  a  dem- 
onstration commerica.1  breeder  rear-tor  generating  about  one-quarter 
to  one-third  the  power  of  the  full  sized  LMFBR's  9  the  first  of  which 
ERDA  expects  to  have  operating  in  1987.10 

The  CRBR  is  a  joint  iroverninent-industrv  effort.   In  August  107^  : 

AEC  estimated  that  $699  million  would  he  required  to  design,  construct,  and 
operate  t lie  project,  Of  which  private  project  participants,  primarily  utilities 
were  expected  to  provide  from  $274  to  $294  million  including  $20  to  $40  million 
from  reactor  manufacturers.  AEC  was  authorized  to  contrihute  a  total  of  about 
S4'_'i'  million.  $92  million  of  which  was  to  be  in  direct  financial  assistance,  $10 
million  in  special  nuclear  materials,  and  $320  million  in  development  woik 
from  AEC's  ongoing  LMFBR  hase  program.  Base  program  funds  were  limited 
to  SO  percent  of  the1  then  estimated  capital  cost  of  the  plant.  The  direct  assistance 
and  hase  program  funds  were  restricted  as  to  what  they  could  be  used  for.  In 
general,  they  could  not  be  used  for  end  capital  items  for  the  plant. 

ERDA'fi  cost  estimate  for  completing  the  CRBR  project  is  now  $1,736  billion — 
an  increase  o|  more  than  $]  billion.  Because  utility  cmtrihutions  were  fixed. 
ERDA,  by  contract,  ae<-epfed  the  open-end  financial  risks  connected  with  the 
project  and  agreed  to  seek  funds  for  any  cost  increase  . .  ." 

The  date  for  commercial  Operation  of  the  CRBR  has  slipped  by  3 
years  in  3  years — to  early  1983.  According  to  a  GAO  report,  additional 
delays  may  be  expected: 

Two  important  project  milestones  are  (1)  obtaining  a  limited  work  authoriza- 
tion bv  September  1.  107.").  and  (2)  obtaining  a  construction  permit  by  August  1. 

Delays  have  already  occurred  in  the  licensing  process.  According  to  ERDA. 
neither  the  limited  work  authorization  milestone  nor  the  construction  permit 
milestone  will  he  met.  A  delay  of  4  months  could  be  expected  in  each  category  .  .  . 

The  application  for  a  limited  work  authorization  was  submitted  to  NRC 
(Nuclear  Regulatory  Commission)  in  Octoher  1974.  NRC,  however,  has  not 
formally  accepted  the  application  for  docketing  because  it  feels  additional  infor- 
mal i"n  is  necessary  before  a  complete  review  of  the  application  is 
possible  .  .  r2 

The  GAO  report  groes  on  to  describe  other  potential  future  causes 
of  delay  in  the  CRBR  project:  lack  of  timely  and  adequate  funding, 
public  hearings  and  outside  legal  interventions  during  the  licensing 
process,  delays  in  the  delivery  of  long  leadtime  material  and  com- 
ponents, unavailability  of  era  ftsmen — particularly  welders,  and  poten- 
tial design  chanires — in  particular  those  relating  to  a  "core  catcher'- 
which  is  favored  by  the  NBC  but  not  by  ERDA, 

Due  to  the  joint  industry — ERDA  funding  of  the  ORT3R  project,  a 
Project  Management  Corporation  was  established  directed  by  a  three- 
man  steering  committee  representing  DRDA.  the  Tennessee  Valley 
Authority,  and  Commonwealth  Edison,  (The  Tennessee  Valley  Au- 
thority is  providing  the  site,  will  operate  the  plant,  will  purchase  the 
power  if  produce  s,  '-mi]  will  have  the  opl  ion  to  buy  it  a  fter  the  project 
is  over.  Commonwealth  Edison  is  providing  engineering  management 
and  purchasing  services  for  the  project.)  The  GAO  has  described  the. 
organizational  arrangement   for  the  project  as  "complex  and  poten- 

t  iallv  '■UliibeiMMiie."  14 


•  Ini     1.  p.  63 

.,•  i'; iii  it  to  Congress:  "The  M<iuii]  Metal  Pail  Breeder  Reaetor^  Promise!  and 
Cncertalntle    '   I  1075),  p.   101. 

u GAO,   R    "Tt    to  the  Joint  Committee  on  Atomic  Energy,  "Comments  on  Energj    i: 
search    end    Development    Administration')!    Proposed   Arrangement    for   the  Clinch   BiTer 

Reactor  Den wtration  Project"  (1075). 

OAO    Report   to  the  Congress,  "Cosl  and   Schedule  Estimates  for  the  Nation's  Wrst 
Llould  Metal  i  Reactor  Demonstration  Power  Plant"  1075,  p.  '27. 

•     ii!.  pp.  27  ::.;. 
>«  Ref.   7,   p.   81. 
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With  tlie  increase  in  ERDA's  participation  from  approximately  60 
percent,  when  the  management  arrangement  was  established,  to  85- 
percent  with  the  new  cost  estimates.  ERDA  on  March  10,  1975,  pro- 
posed to  the  Joint  Committee  on  Atomic  Energy  new  management 
arrangements  which  "are  necessary  to  clearly  delineate  the  manner  in 
which  the  project  will  be  managed  in  the  future,  in  recognition  of  the 
major  increase  in  governmental  financial  involvement  and  the  need  to 
establish  a  single-line  integrated  project  management  organization."  15 
The  GAO  has  reviewed  the  proposed  changes,  however,  and  concluded 
that: 

In  our  opinion,  the  various  documents  submitted  to  the  Joint  Committee  do 
not  clearly  delineate  the  manner  in  which  the  project  will  be  managed,  but  rather 
contain  ambiguous  and  seemingly  inconsistent  language  regarding  responsibili- 
ties and  authorization  and  management.16 

In  particular  the  proposed  new  arrangements  would  leave  the  Proj- 
ect Management  Corporation  (PMC)  to  manage  the  project  subject  to 
being  overridden  by  ERDA.  PMC  in  its  role  as  representative  of  the 
utilities,  however,  would  have  the  right  to  disapprove  "any  proposed 
major  changes  in  Project  Scope  or  deviation  from  the  approved  ref- 
erence design  or  specifications."  If  PMC  were  to  disagree  with  such 
changes,  the  utilities  could  terminate  their  involvement  with  the  proj- 
ect. The  GAO  comments  that : 

Such  inconsistencies  suggest  to  us  that  ERDA  will  not  be  able  to  exercise  the 
usual  management  prerogatives  in  the  areas  of  design  and  other  changes  and 
that  it  may  be  subject  to  restraints  in  other  management  areas.17 

The  GAO  report  continues : 

We  discussed  these  inconsistencies  with  ERDA  officials  and  they  told  us  that, 
although  they  believe  the  documents  are  clear,  ERDA  will  revise  the  documents 
to  state  that  ERDA  will  manage  the  project.  ERDA  officials  stated  also  that  the 
revised  four-party  contract  would  clearly  state  that  ERDA  would  manage  the- 
project.17 


15  Letter  from  ERDA  to  the  Joint  Committee  quoted  in  ref.  11,  p.  4. 
"  Ibid.,  p.  4. 
"  Ibid.,  p.  6. 
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